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Jlokxanp Akayemun nwayk CCCP 
1961. Tom 136, Ne 5 


MATEMATHKA 


il. AHJO (TSUYOSHI ANDO) 


O HEKOTOPBIX KJIACCAX BbINYKJIbIX ®YHKUHH 


(ITpedcmaeaeno axademuxom IT, C. AnexcaxdOposoim 1 X 1960) 


. B neppot wactu mMonorpapun M. A. Kpacnocenpexoro u I. B. Pyrun- 
Koro (') B cBxH3H Cc TeopHel TpocTpaHcTB Opsuua pacemMaTpHBaloTcs Kuacchl 
BbITyKIBIX N-pyHKuMH, yoBmeTBopsouluxX Tak Ha3blBaempim A,-, A’-, Agz-, 
A?- uw A@-ycnoBuam (onpeleieHus 9THX NOHATHH abl HwxKe). B (1) ycra- 
HOBJICHbI Pa3sIHUHbIe Npw3sHakH Upunaynexuoctu” N-pyukuun M (uw) ofHomy 
W3 9THX KsaccoB. B Hactosei padoTre ycraHaBsMBalorcad HeOOXOHMbIe UH 
ocTaTouHble YCOBUA MpHHaywexHoctH N-pyHKUMH paccMaTpHBaeMbIM KJac- 
caM, PopmMyJupyemble B TepMHHAX CBOHCTB JOMONHHTebHOK PyHKWMUH. 
IIpupefem mpesBapuTebHO HeKOTOpble OOmIue MakTbl TeopHn N-pyHKuHi 
(cm. (?)). 
- Ilyerp p(t) (O<¢t < co) — HeyGOpiBatonlas, HenpepbiBHad cipaBa PyHKUUSA, 
yHOBIeTBOPAIOMad ycoBuaM: p(+ 0) =0, p(t) >0 npn t >0 u p(co) = oo. 
‘Bumyksyo PyHKLAIO 


| a 


MUY SN "p (at 


Ha3bipaioT N-pyuHkKuuel. Ora PyHKUUA OOMaaeT ceMyIOULMMH CBOHCTBaMH: 
OHa YeTHa, MooKUTeMbHa pH u=—0, M(u)/u crporo sBo3spactaeT pH 
u>0 u 


“/2 Up (*/2U) <M (u) < up (4). (1) 


Tlonoxum g(s)= sup ft. Ora dyHKuuA OOsasaeT TeMH 2%Ke CBOHCTBaMU, ITO 
pit)<s 
u dyHkuna p(t). Bemykaaa dyHkuua 


Jul 


N (ve) = \ a(s)as 


; 0 


aspipaetca N-DyHKUHeH, FoNOMHUTeENbHOH K M(w). 
Ecau dyHkuua p(t) crporo BospactTaer HW HenpepbiBHa, TO 


Pl¢(@)l= 2 .gip (a) = u. (2) 


Tse N-byuxunuu M,(u) u M,(u) HasplBatoTcA JKBUBAIECHTHBIMH 
(Takoe MOHATHE 9KBHBaJIeHTHOCTH BBeeHO B (*)), CCIM JIA OOMbIUIMX 3Haye- 
uM W BbINOMHAIOTCA HepaBeHCTBa 

By irs 


"| | | My, (Ryu) < Mz (u) < My (Row), (3) 


rie k,, Rg —MOMOKUTeIbHbIC WCNa. 
1007 


B (‘) MoKa3saHo, uTo dyHKUHA 
| 


u| | 

M,(u) = \ “9 at (4) | 

0 | 

apasetca N-pyHKunel, skBuBanenTHoH M (uw). 

Teopema. Jlaa moeo umo6u N-dynkyua M(u) yooeremeopsra odnomy | 

us ycaoeuii (ycaosusa A) nepeo2o cmonbya, Heobxodumo wu Oocmamo4no, umo- 

6ol Oonoanumeaonan N-@ynkyuan N(v) yOoeraemeopsna coomeemcmeyroujemy 
yCAoButo (YycAoeue 7) Bmopoeo cmonbya: 


npu OOABLUUX LU, VU npu OOALLWUX U, V 
_ (As): M (2u) SRM (u) (V2): 2RkN (u) < N (ku) 
(A’): M(uv) << RM (u) M (2) (V’): N(u) N (v0) <N (Ruv) 
(As): uM (uw) < M (ku) (Vs): uN [N (u)] CRN® (u) 
(A): M?(u) <M (ku) (V2): N (u?) << RuN (u) 
(Ao): O[M (w)] <M (ku) (Vo): Se < St 
Gop ©) Se (Vo): NID) <a 


B mocneqHux jfByX cTpoKkax uepes O(u) o6o03HaueHa HeKOTOpas 
N-yHKunA. 

YrpepxeHHA Teopempl Aaa crysaa A,- u A®-ycnopult RoKa3aHpl B (?). | 
PaccMoTpuM oOcTasibHble cylyuav. OTMeTHM Tpexkyle Bcero, 4YTO B KaxK]OM 
Kjlacce 9KBHBaJIeHTHBIX N-pyHKUMH WMMeeTCA PyHKIMA CO CTporo BO3pacTalo- | 
ile HeIpepbIBHOH Mpo“sBoqHOH (Hatlpumep, N-bynKuna (4)). Ilostomy 6e3 | 
OrpaHHveHHA OOULHOCTH MOXKHO CUHTATb, YTO pacCMaTpHBaeMble HH2KE MpoOHs- 
BOMHbIe P(u) HW g(uU) HelpepbIBHbI HM CTporo BospacTalwr. 

Jlemma 1. Jaa mozo umo6o N-g@ynkuyua M (u) yoosremeopsaa A‘-ycao- | 
BUIO, HEOOXOOUMO U Oocmamo4nO, UmMoOboL ee NPOUsBOOHAA p(uU) yOoersemseopAAA 
AHANO2ULHOMY YCAOBUIO: Npu NeKoMopom Rk’ u u, > 0 


p (uv) <kip(u)p(v) (u, 0 > up). (5) 
Howrasarenpctso, )ycth 
M (uv) << kM (u) M(v) (wu, v > uy). (A’) 


Torga, B cuay (1) u Toro, uro M(u) ynopnerpopser A,-ycnoButo, 


< ky (U,.U 2eus), 


p (us 
B cuay (A’) nu (1) 


M (2uv) M (uv) 
uv uv 


M (u) M (2) 


uv 


p (uv) <khy <kkip(u) p(o)  (u, v> max {uy, u3)). 


HeoOxogquMocTb ycOBHaA JIeMMbI JoKa3aHa. JlocraTouHocTh oKasbiBaeTca 
aHasorMyuHo. JlemMa oKa3aHa. 

H3 (2) BpirekaeT, uTo p(u) yaosnetsopser (5) Torga M TOMbKO Torsa, 
Kora OOpaTHad PyHKUHA g(Vv) yHOBNeTBOpHeT ycsOBHIO 


q (4) G(X) Sq (R'uv)  (U, 0S Vy = p (Up). (6) 


Tak 2ke Kak JlemmMa | joKasbiBaeTca: 
Jlemma 2. J[aa moeo umo6u N (v) yOoeremeopana V'-ycaoeuwo, Heobxo- — 
Oumo tu OocmamouHo, umobel ee npous6eodHan p(v) yooersemeopsnaa ycao- 
euto (6). 
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Odbenuuaa semmMer | u 2, NomyuaeM yTBepxeHHe TeOpeMbl AIA CiydaA 
A’-ycnopua. Sra wacrb TeopeMbl Oblia WoKa3aHa B (*) MPH MONOMHTeIbHOM 
npeqnonoxenun, aro N-pyuxuna N (v) yAosnerBopser As-YCJIOBHIO. 

Tlokaxkem yTBepxxyeHue Teopembl ia cryyad Ag-ycuoBHs. IlycTtb mpv 
u > Uy 

@[M (u)1 <M (ku). (Ao) 


Tlycth @ (uw) —npousnognan D(u). Torga, B cuay (yy 


p (1) @ [up (u)] < LO 9 [M (2u)] << PEO << ME < hep (Aku). 


u 
Tlonaran k’ = 4k uv v= p(u), Nomyaum B cusmy (2) 
vg [0g (v)] <R’p[R’q(v)] (YS % = P (Mp): (7) 


®ynkuna M(u), yaosnersopstoujan Ag-ycOBHIO, OYeBHAHBIM OOpa30M 
ylopserBopser u V.-ycnosuio. Tlostomy ee Npow3BOqHaA, Kak JlerKO MlOKa- 
3aTb, YMOBJIETBOpAeT Mp OO/bINHX UW HepaBeHCTBY 


2p(u)<plk'u). — * (8) 
M3 (7) u (8) BbiveKaeT, UTO JIM HEKOTOpbIX ky U Vy 


vp [vg (v)]<plkig(v)] (vu >), 


r. e. 
q {og [vg (0) ]} < ig (2). 
B cuay (1) 
® [N (v)] 
7 aes \ <iq (0). 
CreqoBaTesbHo, 
® [N (v)] 
Nt SMOLIN (0), 
‘ak uTO 


N [POOL <hOIW (@) F(0> 0): 


IHlonaran u = N (v), nonyuum 
-1 
[ORO |) <0 (u) Wu =N oy), 


TKya ¥ BbiTeKaeT (Vo). 

AvasOrHuuHo oKa3blBaeTca, YTO U3 (Vq@) BbiTeKaeT (Aq), HW AOKa3biBaloTcA 
\pyrue yTBepxxyeHua TeOpeMbl. 

B (‘) Oblm mocTaBseH BOmpoc oO TOM,”cyllecTByeT JJM B KaxKOM Kuacce 
KBHBaJIeHTHBIX N-dyHKuni, yhoBmeTBopsiomynx A’-ycnoBHio, Takas (yHKUHA, 
oTOpand YOBNeTBOpHeT 3TOMY YCJIOBHIO Tipu Bcex uw Hu V. Ha 9tTorT BorIpoc 
aeTCH OTPHWaTesIbHbI oTBeT. IlycTb 


M(u)=(1+u)In(l+u)—u (uS0). 


i3BecTHO, uTo M(u) ynopnetBopser A’-ycnopuio. Tpennonomwum, 4TO cytle- 
MByeT Taka 9KBUBaNeHTHad eH N-pbyHKuua.D (wu), ro 


DM (uv) <kO(u)D(v) (uy v>0). (9) 

B cuuly 9kBHBaneHTHocTH (uw) uv M(u) cymecrByiwr taKkue ky, ky u 

gs 0, TO 
M (kyu) << O(u)< Miku) (uSu,). 
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iia mo6oro dukcHpoBaHHoro u > 0 uv Smax {40 a 
M (uv) > M (k,uv) = (1 + Ryuv) In (1 + R,uv)'— Ryuv, 
@ (v) <M (kgv) = (1 + gv) In (1 + kav) — Rv. 


[lostomy . 
(uv) (1 + kyu) In (1 + kyuv) — kyuv 
@M(v) ~ (1+ kev) In(t + kev) —kgv ’ 


OTKY]la BbITeKaeT, UTO 


>|, u (> 0). 


C wpyro cropoust, 


Mi(uo) tim RO (u) O (v) 
@M(v) ~ 7s Dia) 


= k® (u). 


U—>oo 


TakHM OOpa3om, 


qa BeeX u>>O, YTO NpoTHBOpeuHT cBolicTBam N-yHKuun OD (uw) (us (1): 


BbITeKaeT, uTO lim woe 0). 
u—->0od 
B (') qoka3ano, uro N-dbyHKuuy N(v ), HonomHuTebHbIe K N-pyHKUHAM 
M(u), yRosnetsopsiouum A,-(cooTBeTcTBeHHO A?-) ycmOBuIO, yMOBJeTBOpAIOT, 
A,-(cooTBetcTBeHHO A’-) ycjOBHio. STH yTBepxJeHHA OYeBHHbIM OOpa30M 
BbITeKAIOT H3 JOKa3aHHOH BbIlIe TeOPpeMbl. 
IIpupeyem upHmep dbyHkuuu M (u), ynopnetBopstomlen As3-ycnoBHio, HO 
He yOBJeTBopsiomen V'-ycnoBHtw. 
Ilyctb 
ne (" npu O<t< 2, 
aac 2 al 
(nt) * rion Ot ee OF 
N-dbyHkunA 


|u| 


M (u) = \ p(é) at 


0 
oOJlayaeT YKa3aHHbIMH CBOliCcTBaMH. 


YuuBepcuter Xokkalijo Iloctynusio 
Cannopo, noxua 30 IX 1960 


WMTHPOBAHHAH JIMTEPATYPA 


1M. A. Kpacuoceabcekulh, A.B. PytunxKui, Bomykaote bynkunn a ope 
cTpanctpa Opauya, 1958. 
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Jloxzagp AKkayemun nayr CCCP 
1961. Tom 136, Ne 5 


MATEMATHKA 


10. M. BEPESAHCKUH 


OJIHO OBOBLIEHHE MHOFOMEPHOM TEOPEMbI BOXHEPA 
(ITpedcmaeaexo akademukom C. JI. Codoneboim 16 IX 1960) 


B 9Tow 3ameTKe oOoOlaeTcA N-MepHand TeopemMa BoxuHepa 0 MOJOKUTeJIbHO 
ONpeseJeHHBIX (1.0.) PYHKUHAX Ha CyYal, Kora podb ef*7*; urpatoT CoOcTBeH- 
Hble (PYHKUMU Andpdepenunasibupix ( u Oomee OOuIMX) ONepatoposB. TIpu n= 1 
ododmlenve nosyueno M. I. Kpelinom (') u aBtopom (?) (B calyyae o6061IeH- 
HBIX sep — Mopsxom (°)); mpu n >| BosHHKaloT CyIeCTBeHHbIe TPyHOCTH, 


_ CBASAHHbIe C HEOOXOAMMOCTHIO PaCIIMPeHHA IPMUTOBbIX KOMMYTHP YIOUMX Omle- 


PaTOpOB flO CaMOCOTIPAKeHHLIX KOMMYTHPyiollNx. PaccMOoTpeHHA 3TOH CTaTbH 
OTBeUaIOT CJIy4aiO, KOra y2xKe 3aMbIKAHHA OMepaTOPOB CaMOCOTIPs2KeHbI; OHH 
OCHOBbIBaIOTCA Ha TEOPHH Pa3sJIO%KeHHA NO OOOOMICHHbIM COOCTBeEHHLIM BeKTOpPaM 
(auTepatypy cm. (*)). SametKa cBa3aHa c pa6otoi A. IT. Koctiovenko u 
b. C. Mutaruua (°), B KOTOpOH NoJyyeHbI ONM3KME. pe3yJIbTATHI DIA sep, 
TOPO MalolulU4X KOMMYTATHBHOE KOJIbUO. Y Hac CBA3b.C KOJIbILaMM He Mpenowa- 


. TaeTcaA, ONaroflapaA YeMy CYIeCTBeHHO pacliupseTcA Kacc AuddepenwHasbHBlx 


onepaTopoB (HalpuMep, MOABJIAIOTCA ONepaTOpb! BbIlIe BTOporo NopsAyKa) * 

1°. Ilycth H,—noaHoe ruabOepToRo mpocTpaHcTBO CO CKaJIAPHbIM TIpo- 
H3BeseHHeM (/, 2); H, — WuHelHOe MHOxKecTBO 43 Hy, NJOTHOe B HEM H Camo 
ABJAIONLECCH MOJHbIM YTHJIbOepTOBbIM IIpOCTpaHCTBOM OTHOCHTeIbHO jpyroro 
CKaJApHoro MpousBezenHuA (u, V),, Takoro uTo |u|,<|u), (we H,). Busm- 
HeliHaa gdopma B(j, u)=(f, uv), HenpeppiBHa no f€H, u wEH,, nostomy, 
OHa MOKeT ObITh 3anucaHa B Bue (f,uU),=(/f,u),, rye /—onepatope 
HelpepbiBHO elcTByioujni us H, BH,. Bpefzem B H, HoBoe CKalApHO- 
mpon3Befenne (7, g)_ = (/f, g)) H MpoBeqem NonomHeHHe, NowyuHM rHusmbGep- 
TOBO mpoctpauctso H_. Mrax, 


a eaoe (1) 


air Kaxkoe MpocrpaHCTBO 9STOH WenOUKH TJIOTHO B JIeBee ero CTOSILILEM 
M fjul_<|ul, <u, 

Herpy4Ho MoKa3aTb, 4TO ONpeyenena OusMHeliHad topMa (a, u), (HE F_, 
ee nepexosallad B CKaapHoe mpousBeseHve BH,, ecnn aEH,. Beakut 
JMHeMHBIM HermpepbiBHplli dyHkKunoHan J(u) Hag AH, Moxer ObiITb 3allvcaH 
B BHge /(u) = (a, u)), THe &—HeKOTOpHIt smement u3 H_. Takum o6pa3om, 

'H_ MoxHO HHTeplipeTupoBaTh KaK IpOCTPaHCTBO JIMHeHHBIX PyYHKIUMOHAJIOB 
Han H, (AcHO, YTO OHO H30MeTpH4HO H,). QnemMexTt MpocTpaHcTs H,, Hy ¥ 
Va — npocrpaucrs C MOJOKUTeMbHOH, HYNeBOH HW OTpHWaTebHOu HOpMaMH — 
“MbI GyfleM O603Ha¥aTb COOTBETCTBEHHO U, U,...; f, g,... Ho, B,... IIpo- 
cTpaHcTBO H{H_ MOXHO pacCMaTPpHBaTb Kak HpocrpalicrBo (OOOCULEHHTBIX BeK- 
TOpOB) Haj, OCHOBHBIM MpocrpaHcTBoM /7, «rjiayKUX BeKTOPOB». 

Ilyctb mpoctpaucrso H,, HaxoyuTcA mo oTHOoWeHMIO K Hf, B TakKOM xe 
nlomoxenuu, Kak H, no orHomwennio kK H,. Torga no H,, u Hy MO2KHO TI0- 
TPOHTb | orpullatesibHoe mipocTpaHcTBo Hoe Jlerko BufeTb, uTO H__> H_D 

Ee El C TAKHMH 2Ke COOTHOMICHHAMH IVJIOTHOCTH MW HepaBeHCTBaMH, 
Kak B (I). IIpocrpauctTBo H, Ha3bipaeM sAJepHbIM 0 OTHOWeHHIO K Hy, 
ecmu /, paccMaTpuBaembili Kak onepaTop B Hy, WMeeT KOHEUHbI cen. 


—_——————— 

: * OcHOBHBIe: NOCTPOeHHA CTATbU JoO0x%KeHbI ABTOPOM Ha CemuHape B MuctuTyTe matema- 

“yuku AH CCCP stetom 1959 r. (em. Takxxe (4)). HoBbim ABuIAeTCH Teopema3, BMeCTO KOTOpOii paHb- 

je HCTOubsoBaIca Govlee rpyOblii pesyIbTaT, IpHBOAHBIHH K Goslee w2xecTKUM YeM (6) olleHKaM. 
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: 


2°. TeH30pHo MepeMHOxwKuM TpocrpancTBa WenouKH (1) camMH Ha ceOs, 
nonmyyum wenouky H_x<H_DH)xH,2H,xH,,. Moxuo noKasatb, uTo mpo- 
ctpanctso H_XH_ OyJeT OTpulaTesbHbIM M0 OTHOLMI€HHIO K HyseBOMy TIpo- 
etpancrsy H,xXH,) uw mnonoxuTenbHomy H,xH_,. OQeMeHTbI NpocrpaHctTs. 
ALXH,, H)xH) 1 H_XH_ M0 akanoruuco ciydaem MpocTpaHcTs (PyHKUNH 
Ha30BeM COOTBETCTBEHHO vlaKHMH, OObIUHBIMH HM OOOOWCHHBIMH Aypamu. 

Bo scem jJlaJibHeliltiem GyeM lpefqmouaraTb, 4TO B TpocrpanctBe H, BBe- 


lleva HHBOMOWuA f—>f, ABJIAIOIadca HHBOMOUHeH u Ania H,. Tenepb mona- 
THA 3PMHTOBOTO HI. O. AXep BBOAATCA CJleyIOULMM OOpa30M: KaxKjOMy 


o6o6ujeHHoMy sagpy K orseyaeT OusMHetnaa dopma B, (u, Vv) Zz (K, 00) ue 
(uHfekc Hy) H, 8B DanbHeliiiem onyckaem), rye u, v€H,, a v u — TeH30pHoe 
TIpoHsBefeHHe BeKTOpa v Ha uU. Agpo K HasblBaeTcA 9PMHTOBbIM (I. O.), ecu 


tbopma Bx 2pmMuToBa (nl. 0.). Hauia ocHopHad 3aflaya — lpeycTraBlenne 
Tl. O. Apa B BHe AJHHEMHOM KOMOMHALHH JJIeEMeCHTApHbIX Il. O. Aep. 


Ilyctb B H, onpenenena cucrema onepatopop A’,..., A? c o6macTbIO 
ompemeneHna ©, noTHOH B Hy. B JanbHeliliem mpl OyfeM paccMaTpHBaTb 
JIMIb CelapaOesbHble MOJO%KUTeIbHbIe MpOCTpaHCcTBa HM TaKHe, KOTOPbIe Co- 


jepxat © Kak CBOIO IWIOTHYIO YacTb wu cofepwar sce A’ (D) (j= 


= 1, sc... p). OdoOmenube Tl. 10.) mumpatotp) 6 Hager nt Shove 
SONS (N (045-2 35 Ab) apamerp) Oyem HaSbIBaTb  93JleMeHTap- 
HbIMH I10 OTHOWICHHIO K cucTemMe onepatopop A’,..., A’, ecu (Q,, (Ai — 
—AjE)u-v) =0, (9, 0-(A’ —4,£)u) =0 (j=1,..., p) ana Beex u€D 


v@H, (3 SPMHTOBOCTH I. 0. Apa culefyeT, YTO OHO H3 STHX PaBeHCTB. 
BJleveT BTopoe). Ha ocHoBaHHH pe3ybTaTOB cTaTbH (*) nNomwy4eHa 
Teopema 1. /Ilycmo K€ H_XH_— o606wexnoe n. 0. AOpO; OO03HA4UM 
Hx nonoanenue H, omHocumeabno CKaAAAPHO2O NpouseedeHua (U, Vv) = (K, vu) 
(u, v€H,). ITpednoao#um cnepea, umo p=1. Ecau onepamop A’ apmumoe 
6 Hx: <Alu, v) = <u,A'v> (u, 06D), mo eceeda cnpaeedaueo npedcmaerenue 


(ee) 


K = | @,dp (A), (2) 


—6oO 


2de ~, €H__x H__— nekomopoe cemeticmeo aremenmapHelx n. 0. Adep omHo- 


cumenoHo A‘, a dp (dX) — KeompuyameAoHaA KONELHAA Mepa HA OCU; UNMeEepar 
nonumaemca 6 ca»abom Cmbicae omnocumeroHo H__xXH__. 30eco H,, DH, — 
M000 NOADMKCUMeALHOe Npocmpancmeo, nodobpannoe makum OOpasom, umobot 
OHO ObtN0 sOepHelm no omnowenuio K H,. Haobopom, ecau Oana adpa 
K€H_xH_ cnpasedaueo npedcmaeaenue (2) c HeKomopolm cemeticmeom aae- 
menmapnolx adep ~,€H__xH__, mo A‘ apmumoe 6 Hx. B npedcmaeaenuu (2) 
eolpancenue ,dp(h) onpedeasemca oONOsHaYHO mozda tu moAbKO mozda, 
Koeda samblKanue onepamopa A* makcumaroHo 6 Hx. 

Ilycme menepo p>1. Ecau sametxanua onepamopoe A’,..., A’ camo- 


conpancentt 6 Hx u ux pasaosxtenua edunuyot E'(A,),..., E” (Ap) npu aw- 
60x unmepeanax Ay,...,Ap KOMmMYymUupyiom, mo Cnpasedaueo npedcmaeaze- 
nue (2) Cc mepoli dp (Xd) 6 p-mepHom npocmpancmee u cemeticmeom anemenmap- 
Hox omHOcumeAbHO A*,..., A? adep. Bolbop H,, maxoti ove, KaK u eouUe; - 
6 npedcmasbrenuu (2) Bolpascenue ~, dp(d) onpedennemca odno3HauHo. Haobo- 
pom, ecau Oana sOpa K€ H_XxH_ cnpasedaueo npedcmaeaenue (2) c neKomo- 
polm cemeucmeom anemenmapnolx dep ~,€H__xH__, npuuem dp (A) onpe- 
deasemcn OONOSHALHO, MO 3amblKAaHUA Onepamopos A’,..., A? camoconpsoKenot 
6@ HK U UX pashooKeHUA COUHUYL KOMMYMUpYytom. 

3°. IIpumMenum sty Teopemy kK AudbepentuasbHbIM onepatopam A/. Cnyuaii 
p = 1 jocrarouno usyyex (3,7); BcIloLy B JambHelilemM MbI npepnomaraem p> I. 
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Tlyctrh G—koneuHad usu OecKOHeuHaA OG/aCTb N-MepHOro TIpocTpaHcrTsBa; 
Hy, =L,(G), wHBomounNA — OObIUHBbIM Tepexoy, K KOMMIeKCHOH uepte; D co- 
Jlep2xKUT coBoKymHOcTh Cp (G) (UHUTHBIX OTHOCHTeNbHO G GecKoHeuHO yuO- 
qepenunpyembix dyuKunii u A’u = ¥! [ul] (uECo (G)), rue &' — anueiinpie 
WuphepenivabHple BbIpPaxKeHHA C OecKOHeYHO upepeHuUpyeMbIMU KOIp- 
qpuuvenHtamny (j=1,...,p). Torma ompefeneHue 92eMeHTapHoro Tl. 0. 
ajipa OKasbipaeT, YTO g, MO KaxkQOMy 3 MepeMeHHbIX ABJAeTCA 
OOOOUIeHHBIM pelleHHeM OfHOpO_HOrO JHHeMHOrTO §©aANdpepenunasbHoro 
ypaBHeHH, HM MOSTOMy B cCyIyyae, HalpHMep, 2IHNTHUHOCTH BbIpanKe- 
Huu £/ (uM KOrga OHH B OObIUHbIX MPOH3BOAHbIX) ABJIAeTCA BHYTPpH G 


OOBINHBIM Spom @, (x, y) (x, YEG), yqoBseTBopstonluM ypaBHenusm Lip, = 


=h9.,L/ 9, =o, (G=1,...,p). Ecnu £/— Bpipaxkenua B YaCTHBIX Npo- 
U3BOMHBIX, TO 3TH PaBeHCTBA elle He jlalOT BOSMOXHOCTH BbIPaSHTb HP, Yepes 
€TaHlapTHy!o CHCTeMy (byHKUMi, 3aBuCAMUX TObKO OT ¥/ W He 3aBHCHIIMX 
or K (cm. (?)). OaHako B OJHOM BaX%KHOM CJIy4ae 3TO MOXHO CyeaTb: 
Teopema 2. Ilycme G=G,x...*Gn, ede G;— Konednollt uau becKoO- 
He4Hblll UNMEPBAA UBMeEHEHUA nNepemeHHol x;; L/ — oOvliKHOBeNHOe OudqepeH- 


YUAAbHOE Bblpadicenue no nepemennoil x, NopAOKA 75 YX) (XW), > XX; BW) — 

2 J 
uKcupoeannan dyndamenmaronasn cucmema pewenuti £)[u] = pu. MToaookum 
Xx, (x, W) =X} (X1, 1). Ki (Lh a) PSN a ey ONSEN. A): 
30ecb j =(fi,--+) Jn) —COopHolli unOeKc, mensatoiumutica no mHoocecmney N 
mouek c KoopOunamamu j,;=1,...,r; (L=1,...,7). 

ITycm’ K€ H_x H_—ob606wennoe n. 0. AOPO; eCAU 3AaMbLKAHUA Coomeem- 
emeyrouux £' onepamopoe A‘,..., A” camoconpascenst @ He wu ux pasao- 
2eHUA COUNUYSL KOMMYMUPYIOM, mo cnpasedaueo npedcmasAzenue 

(20) 
e RAL SAS 1 Fit 5 Dg 
K=\ YS Xj(x, 4) Xu, Mody, (A), (3) 
—"co j, KEN 


20e mampuya dp], (A) |, ken 7 0. 6 MOM CmbICNe, uMmO 
DY Fin (A) 5,8, = 0 (jy (A) = Py (M”) — Py A’), A= TN, A) (A) 
j, KEN 
Oana aboix A u Hadopa uucea &;. Hxmeepaa é (3) cxodumca 6 cmbicae caabow 
exodumocmu @ H__XH_; H,, nod6upaemca mak oe, Kak wu 6 meopeme |. 
4°. OcHOBHOM TPyAHOCTLIO, KOTOpas BOSHHKaeT IPM MpHMeHeHHH TeOopeM 
1 u 2, aBaaeTCA MIpoBepKa CaMOCorIps2xKeHHOCTH OMepaTopoB A! HM KOMMYTH- 


PyeMocru Ux pa3snoxKenuit equnuubl. Ceituac mbI ctbopMysupyem (B OOmIeM 
Bue) OTHOCAIIMeca ciloma pesybTaTH. JIlyctb mpH KakomM j=—Il,...,2 


Mana wenouKka lee Hh aH? Tuna (1); mpezmosoxKHM, YTO PaccMaTpHBaeMbIe 
PpaHee mpoctpanctna H, u Ho uMewT COOTBETCTBEHHO BHI jf SEG CO 
Buueeelios tora H.= H\x....xH_. Uyers, B’—onepatop, B Hy. ¢ 
noTHoi B H’, o6macTbio onpegxenenua (B’); BBegem oneparop A =E%... 
...XEXxXBIxEx...xE (Bi crout Ha j-m Mecte) B H, c OOnacTbio onpeze- 
fenua 9(A’) = Hix...xHi*x9(B)xHAi"'x...xH%, usornot B H,, 
a 3HauuT u B A). Bewsy Aabuie MbI Mpeznosaraem, uto A’ spmuTos BH ,. 


Teopema 3. JIycmo npu Kaxdom j Oana o60ux ypaexenuii du; / dt + 
+ iBiu;=0 (0O<t< 00), paccmampuseaemulx 6 euavdepmoeom npocmpaxcmee 


Hl, cnpasedauea eOurncmeennocmb caabelx pewenuli. Tozda 3ambiKaHus one- 
| . 

vamopoe A!’ camoconpaotenol 6é Hx U UX pAsAOIKeHUA COUNUYOL KOMMYMUpYyIOM. 

5°, YkasanHaa B MyHKTe 4° cxeMa MOET ObITh peaH30BaHa IA OObIK- 


HOBEHHEIX JudbepeniuabHEIX OnepatopoB B’ Ha Bcelt OcH C NOCTOAHHBIMM 
cosmPUUHeHTAMH, MeliCTBY!IOWINX pH pa3JIMUHbIX J NO pa3IMYHbIM NepeMeH- 
IbIM; MOKA3aTeJIbCTBO e€MHHCTBEHHOCTH pelleHHH B S9TOM CuIyyae MpOBOAMTCA 
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Ha OCHOBaHHH MeTOJMKH, pa3sBHToH B (°). IIpumMeHaa 3aTem Teopemy 2, mo- 
yuaeM HHTerpaJibHble lipescTaBleHuA 1.0. agep. I[puBefem OcHOBHOM pesyJIb- 
TaT, JIA MpOcTOTH! (POpMYJHpOBKH OF paHHYMBaACh CJIyyaeM OODIYHBIX 1.0. Aep. 

Teopema 4. Ilycmb 6 n-mepHom npocmpancmee En, onpedereHo nenpe- 
poleHoe n.o. sOpo K(x, y) (x, yEEn), yoOoeremeopstowee 6 Cmolcne 0000- 
WeHHOLX GYHKUULL COOMNOWEHUAM 


Li AK (Wh Ly lK Ox ye C= iy (5) 


20e £1, ..., £" — dudbdepenyuanonole eoipaxcenua C nocmoAHHoimu Koad- 
Quyuenmamu no nepemeHHolm CoomeemcméBeHHO X41, ..., Xn UC nopsOKamu 
fy, ..+ 5 fn Ecau npu Kxexomopom & > 0 6olnoransemca oyenKka * 
: r_—e 
|K a, EOE POURS) ae Yn) | <C exp {| x | 1 
r. —e , ro—e r. —E 
Ege) ST Te ea eT gl TC Oy eee 


20e r npu r; > 2—conpsocennoe c rj; “ucao (l/r; + [r= 1) 6 ip pa 
= | —npou3z60rbHoe nNoaoswumeAbHoe, mo Cnpaeedaueo npedcmasrenue 


K(z, y= \ SX, MXEG Vedon (A) (% yeEn) 
—oo j, keN 


Cc adcomomHo cxOOAUjUuMCA UNMeepanom. SOeCo PynKyuu Xj, u mampuya 
|| pjx || maKkue oe, KAK @ meopeme 2. 

Met B 9TOH cTaTbe He OyfeM eTabHO OCTaHaBJIMBaTbCA Ha BOTpocax | 
€MHCTBEHHOCTH [peycTaBleHuaA (7), OTMe€THM JIMIIb, 4YTO HeKOTOpaH ero 
€MHCTBEHHOCTb CJleqyeT u3 TeopeMpr |. ScHO Takxe, UYTO CIpaBelIMBO B. 
H3BeCTHOM CMBICJIe H OOpaTHoe K Teopeme 4 yTBep2K]eHHe. 

V3 Teopembl 4 MOKAO NOJYYNTh pA n-MepHbIX Teopem Tuma Boxuepa. 
Tak, ecuu k(x) (x€E,)—HenpeppiBHad yHKUHA, WA KOTOpOH Apo | 
K (x, y) =k(x—y) .0., To Bemonusaetca (5) c Y’ =i O/Ox;. SamucaB ANA 
K mpeycrapnenuve (7) u monaran y= 0, nonyuum Teopemy Boxuepa (3c. | 
ycloBHe (6) BbinojHseTCA aBToMaTuyeckH). Ecau sagpo K(x, y)=R(x-+y) | 


11.0. H k(x) pacter Ha oo He Opicrpee exp {{x,|1-+ --- + |xn|'"}, rue ee 
., f,,— HEKOTOpble NOJIOKUTeMbHbIE YMCA, TO MpefcTaBmenve (7) faer } 


n-MepHyto Teopemy C. H. Bepuurtrefina (B stom catyyae ¥'=—0/Ox;). Eco 
m.0. apo K(x, y)=k(x+y)+k(x—y) wu k(x) pacter Ha co He GpicTpee 
exp {| x, ?-® + --- +|x,[2-*} (e > 0), To Momuo Bsats ¥! = 07/Ox5, mnpen- 
cTapnenue (7) Torga fact pasoxwenne k(x) mo cosVA;x; uw sin V Apxe- 
Ecav JONOHUTeIbHO M3BeCTHa YeTHOCTh k(x), TO B 9TOM HpescTaBleHHt 
sin VN, xX, HCYe3HYT, HM MBI lOyYHM TeopeMy Tua M. T. Kpetitva. Moxkuo: } 
ObIIO Obl paCCMaTPpUBaTh M TOT csyyall, Korga u3 R(x) oOpasyercs sappo- fF 
K(x, y) NyTeM KOMOMHaUMH yKa3aHHBIX onepaunii, nanpumep K(x, y) = | 

=R(%.— yi, Xe + Yo) + R(X1—y1, X2—Yo). Ecnm k(x) ananurauecky | 
3aBMCHT OT Xj, TO TIpHBeJeHHy!O MeTOAMKy OOpasoBpaHnus spa K (x, y) MOXHO: | 
oOoOUHTh Ha cayyait BEipaxennit ¥! Benue Broporo nopayKa. 


MuctutyT mMatemaTuku Ilocrynusio 
AkaylemuH uayK YCCP 14 IX 1960 


IMTHMPOBAHHAH JIMTEPATYPA 
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et Phys., , Ne 3 (1958). *410.M. Bepe3auckuit, Yxp. matem. xypu., 11, Ne 

(1959), Ae Yr. Koctwuenxko, B.C.Mutarun, JAH, 131, Nel (1960 © 
°HW.M. Teapganug, I. E. Wuaos, O6o6mennsie pynkuun, B. 3, M., 1958. 


, , 


*Poct aqpa K jomKeH ObITb HeCKOMbKO HME pocta exp {| x4| "1 +] y1 | sen . .}} BMeCTO: 
BBIUMTaHHA € MOHKHO ObINO ObI aTb Mu 6oee TOHKve OLLeHKH. 
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Jlokxxagn Ankawemun nwayr CCCP 
1961. Tom 136, Ne 5 


MATEMATHKA 
b. P. BAMHBEPL 


ACHUMNTOTHKA ®YHKUMH FPHHA JIA YPABHEHHK 
COBOJIEBA — PAJIBMEPHA 
(ITpedcmaeaeno akademuxom H. I. Ilempoecxum 9 IX 1960) 


§ 1. B fanHHow padoTre moJlyyeHbI acHMMTOTHYeCKHe opMyJbI dyHKIMH 
puHa (mpu |x|—>oo uw moctosHHom ¢>0) gna 3anaun Korn, nocrapsex- 
ou wid ypaBHeHult Codonepa —TanbnepHa c ofHOH mpocTpaHcTBeHHoli 
epeMEHHOM, T. €. YpaBHeHHH Bua 


P (O/Ot niO/OnN a a Oh (1) 
RGA; (0) Cp ee take 2, eae aL, (2) 


je P(A, s)—MuorouneH oT MBYX TepeMeHHBIX Cc TOCTOAHHBIMH Koappunue- 
IMU; S=6-+ it; A;(s)— KOpHM ypaBHeHHA 


il KOTOPbIX 


NP, (5)! Pi, (3) ESE... Py (8) fen = 0. (3) 
"yHKuUMeH [puna G(x,¢) Ha3pipaeTca pellenve (1) c HavanbHbIMH yCJIOBHAMH 
G lrato = 0G/ot lio == Stet sss O'-2G/oi lt—o — de o'-1G/ot!-1 — t=0|6 (a) 


Kak culegqcTBHe H3 ACMMITOTHYeECKHX (OPMYI MbI MlOJIy4aeM KJaCCbl CywlecT- 
\BaHHA pelleHHA 3afzaun Kom yaa ypaBuenusa (1) *. 

Jia mouyyeHHaA acumntToTuku dyHKuHH Ppuna MbI Mob3yeMcaA MeTOOM 
speBaa. J Id ypaBHeHHH, KOppeKTHbIx 10 IleTpoBcKoMy, aCHMNTOTHKYy (yHK- 
au [pHa MeTojioM nepeBasta nomyuns M. B. egoptox (*). Sanaua Kou gna 
JABHEHHH, He Pa3sPelICHHbIX OTHOCHTEJIBHO CTapwieH MpOM3BOAHOH Mo ¢, Brep- 
jie u3yyanacb C. JI. Co6oesnm (7). Cryyat oOuleH CucTeMbI yKa3aHHOrO Tuma 
MHOPHMH He3aBHCHMbIMH MepeMeHHBIMH Obl paccmoTpeH C. A. TanbnepHom 
7), KOTOPHIH MowyuH peuleHue 3aqaun Kowm uv Teopemy eHHCTBeHHOCTH 
HeKOTOpoM kviacce @byHKUHH. Bompoc cyilecTBOBaHHA HW eHHCTBeEHHOCTH 
IN Cy4¥ad IKCHOHEHIMAIbHO pacTyWIHX (yHKUMH paccmoTpeH B padoTe 
_T. Koctiouenxo ul. VW. Ockuna (*). [. W.9ckun nonyuna qa ypaBueunii (1) 
YIHOW TIpOCTpaHCTBeHHOK MepeMeHHOH Oovlee TOUHY!O TeOpeMy CAHHCTBEHHOCTH. 

§ 2. PacemorpuM cHayana ypaBHeHwe nepeoro, NopsyKa no ¢ 


Q (id/0x) Oujot = P (id/ox) u. (4) 
igomxuM P(s)/Q(s) B pay B OKpecTHOCTH OeCKOHeYHOCTH 
AS)(Q) (Si= O18” “0S ae. (5) 
Bocuay ycnopus (2) FOSMOXKHBI TObKO CJefyiollue Ciyyau: 
1°, Rea, < 0, n uerno, n> 0. 
29. Rea, = Reon. =... = Reapiz= 90, Reap< 0, p>9, p 4eruo. 
Boheme Reo, =...= Rea, = 03a) nS 2) b)n<c2: | 
(6) 
I3noxum P (s)/Q(s) B OKpecTHOCTH BE€IIeCTBCHHOrO KOPHA 6p ypaBHeHHA 
= 
Bio pees) € SS, P.6) : 
Oe ~ 4 Gay TAO g 


j=n 


* Koalaccbl CMHHCTBeEHHOCTH, CYHIeCTBOBaHHA HM KOPPeKTHOCTH MBI OyeM TOHHMaTb Tak, Kak 
“onpegetensi y HM. M. Penpanga ul. E. llntosa (°). 
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Bo3MoXHbI TOJIbKO CJeLyroulHe clydan: 


1°, Reda, <0, Mp YeTHO. \ 
90, Reda, =... = Re ap+, = 0. Reap, <0, pr 9,” Ph WeTHOs (8) 
oy Reda =. - 1 = Reo, = 0- 


Acumntotuka tbyHKuMn Ppnna ia ypaBHenua (4) onpemenserca: 1) Mo- 
pefenuem P(s)/Q(s) B OKpecTHOCTH BellleCTBCHHbIX TloyirocoB; 2) MOBeeHHeM 
P (s)/Q (s) B OKpecTHOCTH HeBellleCTBeHHbIX nomocos; 3) nopezenuem P (s)/Q(s) 
npu |s|—> co. CoorBeTcTBeHHO OHa UMeeT TPH cularaeMbIXx: 

G(x, t)~Gi(%, t) + Go(x, 1) + Gs(%, 2). (9) 
/ 1 bet Se: 

O603HauuM: 1+ Ol} x| ted ion 1 Pr | ae = pg. 

Teopema l. A. Aa G(x, t) e caywaax 1° (8), 2°(8) u 3° (8) umerom 
mecmo, coomeemcmeéeHHo, Popmy Aol: 

[Pa(S); 


DC aaa ( ee 1 : | "h a 
GG) = yer *\Cw | ana t2 42? pexpl yi x|"t EE A+ 
k=] 
teers 1 | aR 1 
4 Cop {| 2? 2B exp Lan |x| #T O° nl\f (10) 


20e Rey, <0; Reto <0. 
9° (8). Ecau ny, 4emuo, mo npu |x|— oe 


SL Sco Se. 
. pee Qnpt2 22p+2 
Gy (x, See ‘are peg. k hs 
k 
np il Pk Np—PRrrl | 
x een pres mt Dap ec er wal Gas) Aiae | oe it me 


3deco Re Yor<0, Tin eetuecmeeHHo. 

Ecau n, Hewemno, mo G,(x, t) npu x—>sign(— id%n,) ce dyOem makuM 
nce, KAK @ cayuae 1°(8), a npu x—>sign (ict, )oo G(x, t)—cymma dey 
eolpancenutt euda (11). 

3° (8). Ecau n, wemxo, mo npu |x|— °c 

| npte 1 


ae np 1 
; ee gnpt2 2np+2 nin ialsieg WPTED 
G,(x, t)h=)} \e Cale pee  hexp | val cant FO || (12 


30eCb Xp eewuecmeenHo. Ecau n, HewemHo, mo G, (x,t) npu x — sign (— idn,)x 
6yOem makum oe, Kak @ caywae 1° (8), a npUu x —> sign (1%n,) 
Gi(x, t) ecmo cymma Osyx eoipascenut euda (12). 


n Mi nj +2 1 ne! 
B.Go (x, p= Sheil x 2 EGE? Ox fe | ees, BS) (| x | nj he (123 


i 


30eCb Sj = 6; + 11; — KOMNAeKCHOlIi KOPeHb YpaenenuA Q(s)= 9; tj 
Kpamnocme, npuuem paccmampuearomcA AU KOPHU, OAA KOMOPLLX xT; <4 
C. Gs(x, t) @ caywaax 1° (6), 2° (6), 3°a (6) uw 3°b (6) umeem eud: 


ae nae 5 we eens 
1° (G), “Gs (op 0) Cit 0a? a ei ee exp foals t come 


Peis bt. Shee es 
= Goal A) amie eee eX) ly ese a at (1? 
a0eco Rey; <0; Rey, <20, 
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2°. (6). Ecau n.wemno, mo.npu |x| ower core 8 ee, 
ook) he ak yop Ran Co . Ee SE RN ip. 4 Pind 
G, (x,t) = Clxf 3 P38 gexplin|xP e+ vl x/e = eh 

| | (15) 

30ecb %, eeujecmeeHHo, Rey.<0. Ecau n newemxo, mo G(x, t) npu 
X—> sign (— itp) oo ecmb cymma Oéeyx éolpaokeHut euda (15), a npu 
x— sign (i&,) co G3(x, t) 6ydem makum oee, KaK. 6 Cayuae 1° (6). 

3°a (6). Ecau n wemno, mo npu |x|—> co 


n—2 1 n 1 
Gt tye= GC |x| 2-3 ¢ ras CAE IGE mi gl. (16) 
20e Y¥ eelyecmeeHHo. Ecau n newemno, mo G3(x, t) npu x +>sign (— ia,) co 
ecmb CcymMma Oeyx éolpaxcenuti euda (16),a npu x—>sign(ia,) 0% G(x, ¢) 
OyOem makum oe,KaK 6 cayuae 1° (6). 

3°b (6). B amom cayuae G3 (x, t) = 0. 

§ 3. PaccMorpuM Tenlepb Mpov3BosbHOe ypaBHeHve CoGouepa — Dasmpnepxa 
(1). Bygem mpegnonaratb, yTo mpu s060m s KopHu A;(s) pasmuuner. Tlyctp 
51, . ++, Gm BeMIECTBEHHBIe, a Sy = 6, } IT, ... , Sp = Sp + iTp — KOMTINeKC- 
HbIe Nosoch! A;(s), MpHyeM OepyTCaA JMUIb Te S;, AA KOTOPBIX xt; <0. 
Pa3I0x%KHM A;(S) B OKPeCTHOCTH OeCKOHeYHO yflasieHHOH TOUKH MH B OKpeCcT- 
HOCTH TlowocoB B pax, HpwTona — IIprouse. Ilyctb B oxpecTHocTu G6ecKoneu- 


HocTH Aj; (S)= oS" + as%*+ ... “+ ops"? + ny MN Paice th th Mae 
OKPECTHOCTH NOMOCOB Aj (S) = O% (S — op) * + Oy(S —Gp)** + 2.2. + Op (s— 
4 6j)*? 1.2, Ryo <k< ... B o6onx cnyyanx & 0, k;=L/m, lu 


m— WeJIble UHCJla. 
Ilpu 9TOM JI OKPeCCTHOCTH O€CKOHEYHOCTH BO3MOXKHBI TOKO TaKHe CIY- 


Pai eee 0512) Po Ry > nnn oo Rg oo 0, Rta &0, Rego... = Re ¢;,=—0; 
ROrkavageeny, «-., Rm — ese Wcia; 3) kyo > ky > 2. Rm oO, Rai; 
Re Ao =... = Re Ap—1 — 0, Re n=; pm; Tora Ro, ki, re ee) Rp “er 


nemble uHcsa, p weTHO H Rea,< 0. 
Jna pa3sox%KeHUA B OKPeCTHOCTH BeIIeCCTBEHHOrO TIOMOCa 6, BO3MOKHbI 
BOnpnortarne “cryuan:-1) ky)< ky < ... < Rn <0, Rte 0; (Reds =... 


me. thea, = 0; Torfa Ro, ki, ..., kn—Wenpe wicna; 2)i\ ky < ky =<... 
eee Whi, 0; Red —...= Red, OM Rea p=— 0, o<m: 
Torfa Ro, ky, ..., Rp—Wesble unca, p ueTHO H Rea,< 0. 


STU pa3OKeHHA NOSBOJIAIOT CBeECTH 3afauy HaXxO*KeCHHA AaCHMMTOTHKH 
@ynkunu TPpuvna aia ypapuenua (1) K HaxO2%KeHHIO aCHMITOTHKM (yHKILHH 
[puna 2a ypaBHenui (4) nepporo nopszka no ¢.Ilycrb pa3noxKeHua B pAL 


Hprotona—IIpronse dyuxunn (—1)"/ [I] [An(s) — Aj(s)] HaumHatorcs B OKpecT- 
ky hej 


A; Nec 
HOCTH O€CKOHEYHOCTH C 4IeHAa ays }, AB OKPeCTHOCTH MOJIIOCOB — Cc 4ieHa bins iL 


Teopema 2. ITycmp G(x, t)—q@yxkyua [puna daa npouseoronoeo 
ypaenenua (1). Toeda npu |x|—>0co u nocmosunom t > 0 


G(x, t)~ UG, (x, H+ DGEA(, H+ D Gale, 0). 


ITpu amom G;,(x, t) 3agucum monreKo om nosedenusn i; (Ss) 6 oKpecmnocmu 
BeELeECMBEHHOLX NoArocoe A; (s); Gj,(x, t) saeucum moabKO om noBedenus dj; (s) 
8 OKpecmHocmu KOMNAeKCHeLX noatocoe; G;,(x, t) saeucumM MoAbKO om noée- 
Jenua X;(s) 6 OKpecmHocmu OGecKone4Ho yYOaNeHHOott mouKu. G;,(x, t) u 
G;,(x, t) omauuatomca om coomeemcmeyroluux CAazdeMblXx acumnmomunu (ynk- 

ik 


| == 


yuu I puna daa ypasxenus (4) xa mnoocumerd bj, ( a ‘) Gtx: Bat 
: nr 


{ : 
rj aj 


Wa mHooumend a;|x| "1 (|a,|t) *. 
Y JLAH, 7. 136, Ne 5 1017 


Teopema 3. Acumnmomuxka NPOUSBOOHOLX byncyuu [puna daa ypae- 
nenun (1) noayxaemca Oudeperyuposanuem no x U t acumnmomuKku QYHK- — 
yuu I puna. 

§ 4. Ilycrh W — kKuacc cylecTBOBaHHaA pelleHHs 3anauu Komm fun ypaB- 
Henna (1). Kaxkjoe ciaraemoe DiGe (x; 2)5 DG (x, ¢) H DiGaes t) aCMMII- — 

i j i 
ToTuKH dyHKunn [pwua flaer kslacc yHKINK W,; i=1, 2,3) W= We 


Onnuiem Kuaccbl W;. 
g(x) Wy, ecu: 
A*. B  HeKOTOpbIX OKPeCTHOCTAX BelleCTBCHHbIX Hye MHOroWeHa. | 
P:(6) (x) =| P1(s) p(s), rae Pr (co) ompenenen opmysioli (3), p(s) — 
tbyHKUHOHaN THNa PyHKUMU, a @ (x) — mpeodpasopanue Pypbe (byHKWUH ~(x)- 
B. p(x) yHOBNeTBOpHAeT CJeRyIOULMM OLeHKaM: 
lp 
1) Ecam y A(s) ecTb nomioc BHsa 1° (8), To |p(x)|<(Ceexp le |x "eH | 
fia mo6oro ¢ > 0. | 
2) Ecau y A(s) ecTb Momoc Bua 2°(8) ¢ 4eTHbIM fp, TO |@(x)|< 
Ph 
<C.-exp | e| x | a | aga mo6oro &>0. 
3) Ecnu y A(s) ecTb momoc Bra 2°(8) c¢ HeYeTHBIM Mp, TO |p (x) |< 
nk 
Fk OF To 40) Lae Ip sign (ix On,) = — 1 Ana mo6oro & > 0; | @(x) |< | 
PR 
a OF Pel eociara nmpu sign (ixan,) = 1 gua mo6oro € > 0. 
4) Ecnu y 4(s) ecrb momoc Bua 3° (8) C YeTHBIM Np, TO [p(x)|< 
2A jp—2lnp+np—e 
<C.()x! ae + 1) quia HeKOTOporo & > 0. y 
5) Ecam y A(s) ectb nomoc Bua 3°(8) C HedeTHbIM Nz, TO |p (x) |<} 
nr 
<C, exp fej x(t | mpu sign (ixo,,)=—1 naa mo6oro @ > 0; |p(x)|< | 
2hjp—2lnptnp—e | 
< c.( yx | oo i ad pu sign (ixa,,) = 1 gaa HeKotoporo @ > 0. 
Ecau y A(s) ecTb Nomtoca, yLOBNeTBOp ATONE Cpasy HeCKOJIbKUM 3 Tlepe- | 


i 
} 
i 
| 
| 
| 
| 
' 


YHCACHHBIX 3)leCb YCIOBHH, TO Knacc W, NosyyaeTcA Kak NepecedeHHe COOT- | 
BeTCTBYIOULMX KJIaCcOB (PyHKILH. | 

p(x) < Wo, ecau: | p(x) | < Ceu-ol*| npu x <0 gas Hekoroporo & >0;} 
p(x) |< Ceo ""|. px x > 0 jus HeKoTOporo & >U, rye a, — paccTOAHHe | 
oT nowuocoB A(s), paclO/lOx*KeHHBIX B BepXHeH MONyMMOCKOCTH, AO BELLECT- | 
BeHHOM OCH, a @,— PpaCCTOAHWe OT MOJIOCOB, PacHOJO%RKeHHIX B H2KHeH © 
NonynockocTH, WO BellecTBeHHOH ocu. Kaacc Ws, HaxoquTcA Tak MMe, Kak) 
Kjaccbl KoppeKTHocTH B padote M. B. PefopwxKa (7) | 

Ecav B3aTb Nepeceyenue MOJYYEHHBIX KJAaCCOB CyileCTBOBaHUA C KlaccaMy | 
emmucTBeHHocTu (°,4,°), TO, TaK KaK pellieHHe HAXOJMTCA y Hac CBepTKOH HavaJib- 
HBIX JaHHBbIx c cyHKivelt Ppuna, MbI MOyuHM KJlaccbl KOPpeKTHOCTH. 

Axtop BbipaxkaeT OnarofapHocTb M. B. Pegzopioky 3a NOMOLLb, OKa3aHHy!0 | 
Ip BbINOJHEHHH STO padoTHl. 


Mockoscknii rocyapcTBeHHbIi yHHBepCcHuTeT TloctynHuio 
um. M. B. Jlomonocosa 8 IX 1960 
LMTUPOBAHHAA JIMTEPATYPA 

1M. B. ®enopwk, JIAH, 132, Ne 1 (1960). ?C. JI. Co6oanes, Usp. AH! 
CCCP, cep. matem., 18, Ne 1, 3 (1954), *C. A. Taabnepnh, TLAH, 119, Ne 4 (1957).), 
4C. A. Panpnepu, Tp. Mock. matem. o6m., 9, crp. 401 (1960). © A. rT. Koc twy 
ueuxo, I.M. 9cKkun, YMH, -15, B. 2, 211 (1960). © HM Denso aumee 
Tr. E. Il uaos, Hexoroppie Bonpocbl TeopHH AuppepeHuvaibHBIxX ypaBHeHHH, M., 1958. 


* AyanorHuHoe yCloBHe (opMyIMpoBaslocb B padoTax (*, 4), a mo3qHee — B paoore (6) 
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Jlokxnage Akagemuu nayrxr CCCP 
1961. Tom 136, Ni 5 


Fant ape aay <—<e 


MATEMATHKA 


A. B. KHBEHKO 


K TEOPHH OBbIKHOBEHHbIX AMHSOEPEHLMAJIbHbIX YPABHEHHH 
B BAHAXOBbIX MPOCTPAHCTBAX 


(IT pedcmaeaexo axademukom IT. C. Aaexcaxdposoim I X 1960) 


1. H3yaaetca gznuddhepeniuanbHoe ypaBHeHHe 


= f(t, x) (1) 


_ B BelllecTBeHHOM OaHaxoBoMm MmpoctpauctBe EF. Jina ypaBHenua (1) mpeqara- 
}OTCA HOBbIe TeOpeMbl eCJHHCTBEHHOCTH pelleHHA 3amaun Kou, T. e. 3anaun 
06 OTbICKaHHH pellleHuA, yYIOBETBOPAIOWerO 3a,aHHOMY HauaJIbHOMY YCJIOBHIO 


x (t,) = Xp. (2) 


PaccmaTpHBaloTcA YCJIOBHA HeOKaJIbHOM MpPOLOJMKMMOCTH BCcex pellleHnii 
ypaBHenua (1). Kak usBecTHo (1), TeopeMbl eMHCTBEHHOCTH WM HeJOKaJIbHOM 
HpOOMKUMOCTH HMeIOT OOULYIO MpHpoxy; OObI4HO STH TeOPeMb! BbITeKalOT H3 
OWeHOK 3HAYeHHH HeEKOTOPHIX *yHKWMOHAIOB Ha HHTerpaJbHbIX KpHBbIX. Pac- 
CMaTpHBaemble HWKe PYHKUMOHALI MOCTPOeHbI Ha OObEAMHEHHU KOHCTPYKUAH 
P. Koutu (*), O. Bopysxa (*), M. A. Kpacuocespexoro u C. TI. Kpeiina (*) 
A. WU. Teposa ('). 

2. Uepes g(t, uw, v) HMKe OGO3HaUaAeTCA HEJIMHEHHEIM (yHKUHOHAN, HempepbiB- 
HBIK mpH 


Bite Al, ||’ —xy\| <0, ox, 0 


PaBHLI HyJIO Np u = V, NONMOKUTeMbHDK UpH u = v UM YOBNeTBOPAIONINA 
ANA mOObIX AByx pemenuit u(t) u v(t) 3amauu (1)—(2) ycnoButo 


Hae ecti( Lot L) P= 0. (3) 
: t—1,+0 


_ OrtHocntTenbHO rnafkocTH dyHKuMoHasa g(t, u, v) OyqemM Npesnonarats, 
4TO WH6O OH CHLHO Ar¢¢epenunpyem m0 PMpewe mo coBOKyNHOCTH Nepe- 
‘MeHHBIX, HOO BbIMOMHEHO cCwlefylolmlee MeHee OFpaHHYHTebHOe ycJIOBHe O 


nosyand¢q¢epenuupyemoctn (cp. (*)): 

| pg (t+ At, u+ Au, v-+ Av)— git, u, v< 
<D,(t, u, v) (At) + Dy (t, u, v) (Au) + Dg (t, u, v) (Av) 4- 

| | +0 (\At| + || Au] +] A0]]), (4) 
a HeJIMHeEHHbIe, BOCOMIe TOBOps, PyHKUHOHAIbI Dy, Dz, Dg HONYORHODORSTS 
| ae 
, aD; (t, u, 0) (h) <D, (t, u, v)(ah), waa) 


5 
4 | 2 «4049 


pynkunonan D, Henpeppisen, a Dz “ Ds nosy HemipepbIBHBI CBepxy: 
lim D;(t, u, v) (An) <Dilt, 4, Vv) (Ao) (i= 2, 3). » 


\[Ap—h{|>0 


Ecau p(t, u, 0) Wudbpepenupyem 10 Dpeule, TO PyHKIUMOHAJbI D; coB- | 
Tlagator c rpaswedTaMu dyHKUMOHaa p(t, u, V) HO COOTBeTCTBYIONLHM Tlepe- 
MeCHHBIM. 

TloguepkHem, 4TO PyHKUMOHaI p(t, u, v) He onmpefeteH IpH t= 1; -€To 
“3HaveHHsA MOryT HeorpaHwueHHO BoO3spacTaTb IDPH tt, u ||ju—o||—0. 
Tlostromy ycsiopue (3) sABIAeTCA CyIeCTBeHHbIM OFpaHHYeHHeM, KOTOPOE, 
ipapaa, IpopepseTca B pxwe culydaes 6e3 oco6oro Tpyfa (CM. NO STOMy 
mopony (*,"))s Heh eee aceeias 

Jlanee OyyeM MpeffionaratTb, "TO 3amaH HenlpepbIBHBIA yHKUMOHAII 
@(t, u, Zz) Tpex NepeMeHHBIX : 


Fett, total, lju—xol]<b, 0N2< oo. 


Onepatop f(t, x) MpeslojdaraeTca ONpesesweHHbIM mpu t €[to, fo + 4]; |x — 
— Xol|<O. 
_. OcHoBHoe orpaHuyeHve, KOTOpoe HakJlaMpIBaeTcaA Ha lipaBylo 4acTb ypaB- 
HeHua (1), HMeeT BH 


Dy(t, uy 0) (1) +-Da(ty t OMEG, wr ~, i 
3 ADs (t, u, li, I< [tug (t, wy oh os 8) 
‘O. Bopysxa (8) paccmarpupan ycaosue (5) ‘IPH ycTaHoBsJeHHH TeOpeM — 
@AMHCTBEHHOCTH JIA CKaApHOrO ypaBHeHHA. Tlepexoa K oOmemy CJly¥ato 
MOXKHO TIpoBecTH 10 OOplyHOH cxeme (%,*). 
 -Teopemard: ITycmb e@oinoAneHo, yeageue (5)., Tycme.dan aro60eo. .pewe - 
wun u(t) sadawu,(1) — (2) ece pewenun ada. apelin” 
| #2 _@(t, u(t), 2, 2(l0)=0 
Ha ‘weKOMOpoM ompesKe [to, to + dal Henonogtcumenonel. (2 (¢) <0). 
Tozda pewenue sadauu (1)—(2) Ha ompeske [to, to-+ a] eduncmeenno 
(ecau: 9mno pewente cywecmeyem).. Lary apaceenee t ‘ ; oo. 
YkaxKeM Ha OHO BUONSMeHeHHe TeopeMEl |, KOTOpoe OCHOBaHO Ha ujee | 
cratpu Ilnuca u Baxkescxoro (°) H OMHOBPeMeHHO ABAAeTCH yCHJIeHHeM HX | 
pe3syJIbTaTOB.:* ~~ 1. oll oe eal ai Sie eae 
Tlyetb o6nacTb H B MuOCKOCTH (t, z) BbIjeweHa HepaBeHCTBaMH 


Len eye wy 5 ong 
OEY toe <t<to toi  I<KZ@Q 0 


Byfem rosoputb, To jyykuna O(7, z) (t, z@H) oOnaqaer cBoHCTBOM 

P, ecnu npu z>0 Aa Kaxkgoro BelllecTBeHHOrO s€(to, fo +] cylecTBy!OT 
Takue folOxKUTeMbHOe UNcIO &€ >O HM NOCeMOBaTeJbHOCTb Zn (t) MOMO*KN- 
TeJIbHBIX pelleHHi, ypaBHeHuaA é 
eel SRI egos 3h De! hi i az Van t y 
. ere M(t; 2), 


4TO 


nN-*CO 


tim 2, (t) = 0. (s<t<s+e). 


Teopema(2..Jycmo ycaoeue (5) 6olnorHeHo 6 yCunreHHol popme 


Dy (t, u,v) (1) + Do(t, 2, oF, 41+ 

ian yt te Cs vy] <@ lt, o(é, 4, oI]. Reape) 

Hycmb @ynxyua D(t, z) o62adaem ceoticmeom P. me 

Tozda pewenue sadauu (1)—(2) Ha ompesKe [to to + 4] eOuncméeeHHo 
(ecau amo pewenue cyinecmeyem): PRE OS 
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3. Ilyctb Tenepp 2a ypaBHenua (1) MpH smoOnrx HaYanbHbIX ycnoBuax 
_ ciipaBewIMBa JlOKaJIbHad TeopeMa CylecTBoBaHHa. Ilyctb pH sO60M nouo- 
XKHTEJIbHOM & > 0 


sup PA tana) 63, 


0<t<a, ||x||<a 


ee ee 


, PaccmMaTpuBaemble B STOM IIYHKTe HeMpepbiBHbIe dbyHKunoHau @ (ft, u) 
(£E(0,\ 00), wEE) nu dynKuna D(t, z) (¢t<z< oo) aBaawrca ananoramu 
@yHkKunoHaoB p(t, u, v) u M(t, u, z), mpuMeHsembix sBbnue. IIpeqnona- 
raetca, 4TO pH m060M a> 0 


lim sup @(t, u) = oo. 
|lu]|->00, 0<t<a.. 


Teopema 3. JTycmo eepxnee pewenue sadauu 
dz 
ap Dt 2ye we Oia () (7) 


_ onpedereno npu ecex t>0. ITycmbe eoinoaKeHo ycaoeue (ananoeuuNoe Nepa- 
 eexncmeam (5) u (6)) 


Di(t, u)(1)+ Do(t, u) (FE, u1< Plt, @(é, u)I. (8) 


Toeda us cnpaeedaueocmu AroKanoHoli meopembl cyulecmeoeaHUA Orsn ypae- 
HeHusx (1) eblmeKaem, “mo KaNCO0e petleHue 9mozo0 YpaeHeHUA npodoAdKUMO 
S00 t= oo. 
Ecam mpeQionoxHTb, YTO BCe pellleHHA ypaBHeHua (7) orpaHwuenbl, pyHK- 
una M(t, z) He yOprBaeT no Z H Mpu Kaxjom R > 0 


SLD sere Ps lt pe OO? 
t>0, ||ul|<R 
TO B YCJIOBHAX TeopeMbI 3 BCe pelleHuaA ypaBHenun (1) OygzyT orpanuueHbi 
m0 HOpMe (cp. (°)). 
JloKa3aTeJIbcTBO TeopeMbI 3 HCMOJb3yeT HEKOTOPble COOOpaxKeHHA CTaTbH 
M. A. Kpacuoceascxoro u C. I. Kpeitua (1), B KoTopoii ObliM aH OGoOmeHuA 
NlepBOHAaYaJIbHEIX TeopeM BuyTHepa O HeJIOKAaJIbHOM MpOOJKUMMOCTH PellieHHH. 
' OTMeTHM, UTO JIA KOHEUHBIX CHCTEM CKAJIAPHbIX YpaBHeHHH HeOKaJIbHaA Mpo- 
OJKHMOCTb pellleHHH B YCJIOBHAX, aHaJIOrHUHbIX Teopeme 3, OblJla MOKa3aHa, 
P. Kontu (?). 
4. KoukpetTu3auna Teopem 1l—3 ya uHTerpo-juddepeHHa/ibHblxX ypaB- 
HeHHH MH [JIA HOPMAJIbHbIX OeCKOHEYHbIX CHCTEM OObIKHOBeHHbIX udpepeHilu- 
- aJIbHBIX ypaBHeHHii MepBoro NOpAAKa MpOBOAUTCA M0 OObINHBIM CXeMaM (cM., 
Hampumep, (*,*)). 
BTOP MOJIb3yeTCA BO3MO2KHOCTHIO BbIPa3HTb CBOIO HCKPeHHIOWO OJlarojlap- 
-HocTb M. A. Kpacuoceapcxomy u A. HW. Tleposy 3a noctaHoBky 3aja4uy, BHH- 
_MaHHe H COBETHI. 


BopoHexkcKHi rocyapcTBeHHbIii Tlocrynuso 
mlegarorwuecKHi MHCTHTYT 30 1X 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1M. A. Kpacuoceabcekunh, C.T. Kpettu, Tp. cemunapa no pyHkuMoHabH. 
aHanusy, Boponexck. roc. yHus., B. 2 (1956). 2 R. Conti, Boll. Unione Mat. Ital., 11, 
Ne 4 (1956). %0O. Boruvka, Acta Fac. Rerum Natur. Univ. Comenianae Math., 1, 
Ne 4—6 (1956). 4 II. A. lepos, JAH, 120, Ne 4 (1958), 5 A. Plis, T. Wazew- 
ski, Bull. Akad. Polon. Sci., Ser. Sci. Math., Astr. et Phys., 6, Ne 3 (1958). & Z, 
‘Szmydt, Ann.Polon. Math., Ne2(1955). *79. A. Koaguurton, H. Jlepun- 


(con, Teopua oOObIKHOBeHHBIX HdepeHuHarbHEIx ypaBHeHHli, M., 1958. 
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Jlonuayn AkaweMunm Hayk cCcCcP 
1961. Tom 136, Ne 5 


MATEMATHKA 


A. 10. JIEBHH 


O JH®®EPEHLMAJIBHbIX CBOMCTBAX ®YHKWWH FPHHA 
MHOFOTOYUEYUHON KPAEBOM 3AMAUH 


(IIpedemaeaeno akademuxom I. H. Tempoéoim 1 X 1960) 


1. TlycTb 3aqaHo ypaBHeHHe 
L [x] Sx) + py (t) x) + +++ + palt) x =F), (1) 


rye p,(t), ..., Pa(t), (4) MpewqmonaratoTca HenlpepbIBHbIMH B HEKOTOPOM 
orpesKe [a, 0]. 
Met GyfeM paccMaTpHBaTb Jit ypaBHeHus (1) KpaeBble yCJIOBHA Bua 
(fheeall 
Lix] = >) crx (a) = A, i=1, 2,..., 2, (2) 
k=0 


ALN +s: Kan KO. 


CopnajleHve HeCKOJbKUX @; O3HavaeT, TaKHM OOpa30M, 4TO B OMHOHM TOUKe 
3ayjaloTCA HeECKOJbKO (yHKUMOHAJIOB, KOTOPble Mbl, CCTECTBEHHO, 6ymemM cuH- 
TaTb JIMHeHHO He3aBHCHMBIMH. 

Kak V3BeCTHO, CYIIeCTBOBAHHe HM eMHCTBEHHOCTh pelleHHA 3afayH (1); 
(2) S9KBUBaJIeHTHbI OTCYTCTBHIO HeETPHBHaJIbHBIX pelieHui y COOTBeTCTBYIOUIel 
OMHOPOAHOK salaun 


L{x] =0; (3) 
Lx) 0, ei eo wee 9 
HJIM, 4TO TO 2Ke, YCJIOBHIO 
[yi] ti [ye]... fyy) 
lo[yi] ls [ya]... le [Ynl 
OS serighastogs aa +0, 3 (5) 
I, [ysl fqlyel ++ lnlYal 
re y,(t), yo(t), ..., Yn(t) — Kakaa-H60 yHAaMeHTasibHan CHCTeMa_ pellle- 


HHH ypaBHeHua (3). 

B abHeliieM Mbl Tpesmonaraem, uro ycsiopue (5) BeinomHeno. Ls He- 
KOTOPbIX 3afau paCCMaTpHBaeMoro BHa YCNOBMA paSpelIMMOCTM OBIIH yKa- 
3aHbl Baame-ITyccenom (+) (cm. Takxe (8)) Hw aBTopoM (°). 

BseleM HeKOTOppIe Onpefesenua u OGosHaueHua. Keagpara<t, s<Ob 
o603HauuM yepes K; TOT 2%xe KBa[paT C BHIOPOWIeHHBIMA U3 HeTO MpAMbIMH 
Buga S=a; Oyfem OOo3HavaTb yepe3 Ko; Ko Cc BblIOpowleHHOH M3 Hero AMa- 
ronasibio ¢ = s—yepe3 K,. Touku a;, JlexKalllve BHYTpH MHTepBasa (a, D), 
OyneM Ha3bIBaTh BHYTPCHHUMH TOUKAMH. ; 

Ulopsqkom dyHkuuonana J; HasoBem nopaqoK cTaplieH MpoHu3Bor- 
HOW, BXOMsMeH B YHKUMOHA C OTMMUHbIM OT Hy Kosppuunentom. [lopa- 
OK TOUKH @; ONpefemAeTCH KaK HAMBbICIUMH H3 MOPAAKOB PyHKIUHOHAJOB, 
3aJaHHbIX B Q;. 
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: — Thycrb x, (¢), x2(t), ..., Xn (¢)—cysfamentanbHan cucrema pellenuii 
_ ypaBHeHua (3), yROBleTBOpAIOulaA ycOBHAM 


t, [Xj s= 0;;, pepe Tt; yas SP a Mine HED 


! _ CymecrBopanue TaKOH CHCTeMbI OGecHieyHBaeTCA, OYeBHHO, yc/IoBHem (5). 
Yepes D;(t) (i= 1, 2, ..., n) 6ynem o6o3HauaTe ajireOpanyeckoe Jo- 
- ‘TIOMHEHHE K 9JIeEMeHTY xm) (t) B onpefenmutene Bpoxckoro 


x4 (t) X2 (t) ee Fy (t) 
x, (2) x, (t) sox e Ue) 


% VAG of ied Bo hag) Soe e oe 5 0) Js Kel A ireg) eo: ) be be 


Tlono0xuM elle 1H yoOcTBa 3anucu 
A=, 0=Anty; Xo (t) = Xn41 (t) = Do (t) = Dai (t) = 0. 


2. DyuKuneH [puna sagaun (3)—(4) Oymem, Kak oOO6bIuHO, Ha3bIBaTb 
(PyHKWMIO AByX MepemeHubIx G(t, s), ompezeneHHyio B K wu yyoBmeTBopsato- 
 mlylO CJleyioWlMM yCJIOBHsaM: 
pate, 6s), G(t S)) 3. Ghat S) HeIIpepbIBHbI 10 COBOKYIHOCTH 
TIEPeMCHHBIX B Ko; 
2) ee (t, Ss) HellpepbIBHa MO COBOKYNHOCTH TepeMeHHBIX B Ky, a Ha 
MaroHagM ¢ =S UCMBITbIBaeT CKAYOK, paBHbIlt eHHUlle: 


GC" +0, Gi (f—0, y= 1 (toa, i= 1, 2,...,.2); 


3) G(t, s) Kak yHKuHa ¢ yfoBneTBopseT B K, ycnopuam (3) — (4). 
OG6bIyHBIM cioco6OM ycTaHaBJIHMBaeTCa, 4TO pellieHHe 3agaun (1) — (2) 
jlaetca dbopmysi0n 
b n 
eM Be \G(e, s) f(s)ds + >} Azx;(t). 
a vat 
Onepatop .£ pu xkKpaeBbix ycJloBHAX (2) OOmaqaeT, TakKHM OOpasom, 
BIOJIHe HeMpepbIBHbIM OOpaTHbIM. 


_ TIposepka sBbinomHeHua ycnoBu 1) — 3) moKa3bIBaeT, uro byHKuua [puna 
3agaun (3) — (4) ompegensetca B Ky dopmyson 


n+1 
ei To S! D;(s)x:(t) mpu t<s, 
Gi = fi (6) 
levee (s) x; (t) mpu ¢t>s. 
eee st pu Oe De eae IE 


J\na. Toro uro6nt G(t, s) Oba ompeyzeeHa BO BceM KBajipate K, ee cule- 
ayer elle KaKkuM-HOO O6pas0M foonpeyeHTb Ha IIpAMbIX S=a;,i=—O0, l,... 
., A+1. G(t, a) OyzeT yqOOHO AOoNpezeNMTb NO HelpepbIBHOCTH 10 s 
cupaBa, G(t, 6)—mo HempepbiBHocTH No s cepa. UTo xe KacaeTCA MpPAMBIX 
Buga S=a;, rye a; —Kakan-NHO0 BHYTpeHHAA TOUKa, TO Ha STHX MPAMbIX © 
| G(t, s), BooOule ropops, TepriuT paspbIB U0 S, T. e. TOR JecTBO G(t, a;—0)= 
=G(t, a;+0) B o6mlem cmyyae He HMeeT MecTa. Croco6 joonpeyeneHHa 
G(t, s) Ha 9THX TIpAMbIX MOXKeT ObITb BbIOpaH MPOH3BOJIbHO; MyCTb, WIA 
“ompeyenenHocTn, 9To OyyeT HeMpepbIBHOCTb M10 s ciipaBa. 
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ae ree 


- 


3. CyllecTBeHHbIM. ABJIAeTCH BOTIpOC 0 udxpepeHiva IbHEIX CBOHCTBAX 
tbynkunu Tpuua, T. e. Bonpoc 06 ycOBHAX CNpaBeAMMBOCTH. COOTHOIIEHHA 


G(t, a;—0)=G(t, a,+0) > (7). 


H aHaNOPHUHbIX COOTHOIWeHHH JIA NpOW3SBOLHEIX G(t, s). 

Bonpoc 0 HeKOTOpbIX CBOMCTBaxX myHkuuH I puna qua IIMPOKHX KyIaccoB 
MHOFOTOYCUHBIX KpaeBbIX 3afay Obl H3yyeH B pxe pador A. C. Cmorop- 
*eBcKoro (3,4), a TakxKe B paGOotax (°,°). HackombkKoO HaM H3BeCTHO, DpPHBO- 
JIMMbIe HWXKe YTBepXTeHHA O AuddepeHWHaNbHbIX CBOMCTBaX He OTMe4¥AaJIHCb. 

4. Ilpu WOKa3aTevIbCTBe DO ee HMKE TeOpeM 1 nu 2 ncnonpsy- 
1OTCA calc ViOMUS cBolcTBa dyHKuuH D; (t). 

JiemMa 1. Paéexncméo C;,n—1 = 0 aKkeueaneHmHo pasexcmey 


D;(a;) = 6. | (8) 
PageHCmeéo C;,n—, = 0 IKBUBANEHMHO pasBeHcmey io 
D; (a;) = 0. (9) 


. 3 NepBoro yTwepxTeHHA JeMMbI BbITeKaeT, uTO G(¢t, s) HempepbiBHa 
110 § Ha IpsAMOH s=aQ;, re a; — NpOM3BObHaA BHYTPeHHAA TOUKAa, B TOM H 
TOJIbKO B TOM CJly¥ae, KOrga MOpAsoK a; HHxKe N—1. IIpu 9sToM OfHOBpe- 
MeHHO C G(t, S) OKa3bIBalOTCA HeMpepbIBHbIMH NO S Ha TOM 2%ke NpAMO; u 
ee MpousBoyHble 10 ¢ Jo (nm —2)-ro nNopxAyKa BKJIOUNTeMbHO. 
TaKkHM OOpa30M, HMeeT MeCTO CJlIeqylollad Teopema. 
Teopema 1. Ana mozo umo6o G(t, s) 6otaa HenpepoleHa 6 K no Cco60- 
KYNHOCMU Ne€peMeHHoLX, HEOOXOOUMO WU Oocmamo4HoO, 4umobol cpedu Gy, Ap, ..- 
» An He ObllO BHYMpeHHUX moueK nopadKa n—1. B smom cayuae G; (t, s), 


Gal Pest tet Gye) s) makoce Henpepolenot 6 K no coeoxynnocmit nepe- 
MeHHOLX. . 

6. Avanoru4HO Ja cayyaa n>3 c NOMOMIbIO -BTOporo YTBep»KjleHHs 
JI@MMBI ycTavaBnuBaerca, uTO HellpepbipHocTh G(t, s) BMecte c G,(f, s) no 
S Ha IpAMOH Bula s=a;, Te a; — BHYTPpeHHAA TOUKAa, HMeeT MeCTO B TOM 
HM TOJbKO B TOM CJly¥ae, Kora NOpAAOK a; HuxKe n—2. 

Takum oOpasoM, cnpaBeluBa culeqyioulaa Teopema: 

Teopema 2. Iycms n>3. J[aa mozo umo6u G(t, s) u G,(t, s) Go1au 
Henpepvléenb: @ K no coeoKynHocmu nepemeHHolX, HeoOxodumo-u Oocmamou4no, 
4umobbl cpedu a1, Qs, . ++, Qn He OblAO BHYMpeHHUX mou4eK nopsoKos n Lore 
un—2.§ 

{: lpuzenen NpHMep IIpHJIO%KeHHA NOJyyeHHIX pesymptatTos. A. O. Tenb- 


ouy MoKasaz (’), yTO COOcTBeHHBIe 3HaYeHHA A, HHTerpasbHoro ypaBHeHns 
b 


x(t) =1\GU, s) x (s) ds, 


a. 


3aHYMepOBaHHble B NOpsAAKe BO3pacTaHHa Moyen, “YHOBJETBOPAIOT COOTHO- 
HICHHIO 


lee) 


PSE exis, 


11, pa 
n 


rae € — mo60e NONOKUTeNbHOe YUCIO, ecnH spo G(t, s) uMeeT m paBHO- 
MepHO OrpaHHueHHbIX pw a<t, s<b NPOMSBORHBIX 110 s. ComocTaBmas 
3TOT pesyabtaT A. O. T ensborna © TeopemMoH 2 H 3aMeuaH, TO COOcTBeH- 
Hble 3HaAYeHHA KpaeBol 3anaun 
L[x)= hx; : | pret! 


Ulsd=0, sip Qeaccg aye} onan he 
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[e 3aBHCAT OT TOrO,:paccMaTpHBaeTCA 1H OHa Ha MpoMexyrke [a, 6] nan 
a TlpoMexytTKe [a), dp], Nomyyaem cueqyioulee npeqmomenne: 

| Teopema 3. /Tycme n>3 u exympu unmepeara (a;, dn) Hem moueK 
jopi0Kxoeg n—1 un—2, Tooda npu smbom &>0 cobcméennole 3Ha4eHus 
adauu (10) — (11) ydoeremeopstom coomHoweHuto 


co 


| 5 ‘ 4 
SE » Taare 


1 


Auasoru Teopem 1—3 moryT 6bITb NoOMyYeHBI, MO-BHAHMOMYy, JIA 3aya4 
-KpaeBbIMH yCOBUAMH. Goslee OOulero BHA. 

ABTOp BbIpaxkaeT UCKPeHHIOIO OslaroyapHOCTb CBOeMy PYyKOBOJHTE,II0- 
{. A. KpacHocembcKomy. 


BoponexckHit — rocyapcTBeHHbIli Hoerynuno 
YHHBepcuter - 30 IX 1960~.. 
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r. A. MELJEPAKOB 


O HOBbIX IKCTPEMAJIbHbIX MPOBJIEMAX 
(ITpedcmasaexo axademuxom C. JI. Coboresvim 26 1X 1960) 


§ 1. CoppemenHas MaTemaTuueckas KapTorpadus cTaBUT Borpoc o NocTpoe- 

HUM NpoeKiuit c 3apanHee 3aqaHHbIM pacmpeteseHHeM vickaxkeHul B HX (').) 
OHUM M3 OCHOBHBIX TpeOoBaHHi, Mpe(bABIAeMBIX K WCKOMBIM MNPOeCKIMHAM, |, 
qBIIACTCA MHHHMAJIbHOCTh HCKaxKeHMM B Mpemetax us0Opaxkaemon TeppATOpHH. 
Tlocemnee MOxKeT MOHUMATBCA TO-pasHOMy, OMHaKO BCe Pa3JIMNHBIE MepHlal 
BBIFOMHOCTH TIpoeKWMit C STO TOUKH S3peHMA MOryT ObITb OObeMMHEHEI B Be) 
rpynnpi: 1) KpHTepHu BapHalMoHHOro THA, 2) KpvTepHu MMHHMAaKCHOrO THMA.| 
Vispickanue mpoeKiMii, yOBeTBOPAIONIMX KPHTepHAM MepBoro THIa, MO-) 

*KeT ObITh OCYIIECTBJIEHO Ha OCHOBe H3BECTHBIX NpaBHJI BapHallMOHHOTO HCUH-| 
CHeHUA, a TOCTpoeHve TaKOBLIX Ha OCHOBe KPHTepHeB MBHMMAKCHOTO THIIa MpH- 
BOMMT K HOBbIM MaTeMaTHYeCKMM 3aflayaM. | 
Bneppple Kputepuii MHHUMaKCHOrO Tua Obl CchopMyMpOBaH Tl. JI. Ue6ur-| 
weBbim (2) IpHMeHHTeIbHO K KOHMOPMHEIM MpOeKIMAM, BbICKASAHHAd 
UM 6e3 JOKagaTe/IbCTBAa TeOPeMa O COOTBETCTBYIOWIUX KPaeBbIX YCOBUAX Oba 
nokasana JI. A. pase (?). Hexoroppie kaptorpacpt (*,°) BbICKa3bIBasIM OTHOCH-) 
TeMbHO IKBUBAMCHTHELX MpOeCKUMH MpekowKeHHA, AHaMOrH4HbIe TeO-) 
peme Ue6nnueBa, B KOTOPbIX, OJHAKO, He oOpaulasiocb BHUMaHHA Ha KOppeKT- 
HOCTb TOCTAHOBKH COOTBeETCTBYIOWNeH saan. 
TlocraHoBKa HOBbIX 9KCTPeMaJIbHBIX 3a1aq KapTorpauu uMeeT NPHKMalHoOe 

Mu HayyHoe 3HayeHHe, TOYeMy OHM 3fecb MU PopMysMpytoTcs. K HacTOAemMy)) 
BPeMeHH H3BeCTHO pellieHHe OMHOrO YaCTHOTO Cily4aA OMHOK U3 TAKUX 3ajay) 
(2,3). Hue jaetca uacTHbit cyyal Apyrod Tako 3anaun, CBA3AHHbIM C T0- 

_ cTpoeHveM HanJlyuuiel mpoekiwuu Siepa. i 
: %, § 2. OrnocutenbHo runep6onuyeckolt B obnacra D: |x|<A, | y| <q, 
oi mA =1—e(e>0 mO60e CKOJIb YFOLHO Maloe 4HCO) KBasHJIMHeHMHOM CHCTEMBI 


e?(1— x2)u,+v,=0, uy +e? (1 — x?) 0, = xe” (1 


CTaBHTCA cyemyrolaa gaqaua. Kakwe OJXKHbI ObITh 3aaHbl HavaJIbHble 3Ha 
YeHHA MCKOMBIX (PyHKUAH 


w= u(x, 0)=9(x), 0 =0(x, 0) = 9(x), (2)) 


YTOObI pellieHHe cucTemb (1) v = v(x, y) HawMeHee YyKJIOHANOCh OT HyJIA 
HeKOTOPOH OKpecTHOCTH HavasIbHOH KpHBoH y = 0? 

Peumm ee Ha ocHOBe MeTOfa XapakTepucTHK. Bomb XapakTepHcTHK C; 
u Cy cuctempl (1), ompeyesseMblxX ypaBHeHHsAMH 


F 


Ek (le oral 
MMetoT MeCTO COOTHOIMCHHA 


wtu--+Ysin(1—x?)=const=£, v—u+4/,In(1—x*) =const = 9. (4 
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H Ecam MpH HeKOTOpbIX 34], 4HHBIX HavasbHbIX 3HAaYeHHAX HCKOMBIX 
WHKUMA gaa (1) ymanocb MOCTPOHTb CceTKY XapaKTepHCTHK, TO 3HaveHHs 


lYHKUHH Ww HM U B IIpPOH3BOJbHOH TouKe P (puc. 1) MoryT ObITb BbIpaKeHbl 
epes HX 3HaveHHA B TOUKAX HavaJbHOH MHMH P, Hw Py; UMeHHO, H3 (4) HMeeM 


p =7/2(Ep + Np) — */e ln (1 — x3), (5) 
ye 
= Ep, = 01 + 4, + 1/2 In (1 — +), Np = Np, = V2 — Us + Y/2In(1 — x2). 
(6) 
‘3 (5) w (6) cneqyer omeHKa 
lop | <a} oil + */2| 2] + 4/2 |u| + 7/2] We | + 


"a | In (1 — x2)+ */a| In (1 — x2) | + 7/2 [In (1 — x5) |. (7) 


_Ecnu touka P 3a:pukcupoBaHa, TO TIpH au- 
blX HavaJIbHbIX 3HaYCHHAX UW H UV X, H X_ HMeIOT 
IpefesIeHHbIe 3HAYeHHA, KOTOPbIe HeMpepbIBO 3aBH- 
(fT OT HavYaJIbHBIX JaHHbIX *; MOSTOMY, HECKOJIbKO Oc- 


OnaaA OueHKy (7), BBeeMBHee K = |In(1 — A?) = 
const. Torga ua mo60H TOUKH, JexKalleh B 
lacTH BJHAHHA mpoMexyTKa [— A, + A], mpu 


JRAHHbIX HadaJIbHbIxX YCJIOBHAX 
2) 0, |<for| +] oe| +a} + |e |+ 
+ K -+|In(1 — x3)|. (8) 


Puce. 4 


Ouenka (8) uMeeT MecTo H B To TouKe M, B KoTopoit | vm| = max. )Kenaa 
tu dyHkuun (2), npHBosauMe kK min max |u|, Hao 3a CueT H3MeHeEHHA Ha- 
JIbHbIX JlAHHbIX YCHJIMTb OWeHKy (8). 

Han6omee acdcdekTHBHOe ycuIeHHe HepaBeHcTBa (8) MOXKHO MOJyuNTb, M0- 
QKUB Vy = Vo = Uy = Up = O, a TAK Kak MOOwKeHMe TOUeK P, H Py. MeHSA- 
*A IPH H3M€HCHHH HavaJIbHbIX JaHHbIX, MbI BbIHYXKCHbI MPHHATb OKOH- 


TeIbHO 
u=g(x)=0, v=» (x)=0. (9) 


PemleHwe 2aHHOH 3aauv MpMBOAHT TaKxe K BbIBOLY O TOM, YTO IIpH ycJo- 
ax (9) peltenve cuctempt (1) B 11060 TOUKe P oxKpectHocTlu y = 0 
eeT 110 aOcOIOTHOK BeJIMUHHe HAMMeHbIee 3HaYeHHe H3 BCeX TeX 3HaUeHH, 
Topble OHO MOXKeT MPHHAMAaTb B ITOH TOUKe TIpH BC AKHX HHBIX Ha- 
MbHBIX aHHEIX Kom. IlomyyeHHblii pesybTAaT MMeeT HE TOJIBKO JIOKAJIbHbIMi 
JaKTep OTHOCHTeEJIBHO OKpecTHOCTH TIpaAMoH y = O, HO H rnobaIbHbIN — AA 
M OONacTH BIHAHHA Mpomexytka [—A, +A] npu (9). 

Pemlasa 3aqauy Wa cooTBeTcTBylollero cucTeme (1) KBa3HIMHeHHOrO ypaB- 
4HA C YACTHBIMH MpPOW3BOAHBIMH 2-ro NopsAyKa, MbI MOJyuHIH Obl TakxKe Hy- 
ble HaUaJIbHbIe YCJIOBHA, T. €. HCKOMAA HHTerpaslbHad MOBeEPXHOCTb Kaca- 
%b Obl MlocKocTH xOy no HayanbHOH HHA y = 0. I[pu pemieHuu anasorus- 
K 3ayauq JIA KBa3HJIHHeHHbIX TunepOoMuecKHX ypaBHeHHi 2-ro nopsyKa 
Tf dakT OyMeT UMeTb MeCTO BO BCeX TeX CJIyuaAtx, KOra Ha OCHOBAaHHH Ka- 
X-IH60 cooOpaxkKeHHit MOXKeT ObITb yCTaHOBJIeHO, TO BCe HHTerpavbHble 10- 
)XHOCTH JIaHHOrO ypaBHeHHA COCTONT CIVIOWIb U3 TOUeK IJIJIHMTHYeCKOrO THA. 

; 


* Vi3sMeHeHve HauaJIbHBIX YCJIOBHM IpHBOAHT K H3MeHeHHIO OO1aCTH BAMAHHA MpoMe- 
ka [— A, + A], Ha 4TO MbI He OOpallaeM BHHMaHHA, Tak Kak 3afaua pelliaeTcH nA 
eCTHOCTH S3TOrTO MpoMexyTKa. Ecan Opt cucrema (1) Obima AMHeHHOM, ykKa3aHHOrO OOcTOR- 
6cTBa He HaOwOfamocb Opt. 
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--§ 3. Copmysupyem HoBble SKcTpeMaJIbHble TIpo61eMBbI. ~ 
A. Tlycrb uMeem KkBasvJIMHeftHyIo CHCTeMy 


yy UxbOyo0¢ Oy Uy t+ O1j~=O1, Ayylly-+ Ag9V z+ Do tly begy=Cz, (I) 


KOSppUNHeHTHI KOTOPOH A;;, bi; ¥ CBOOOHbIe YWIeHbI C; MpeqnoJarawtca B He-}, 
KoTopol o6lacTH D HelpepbIBHDMH (PyHKUHAMH X, Y, U, UV. | 

Ecau cuctema (I) 9 3 040TH4UHA B WMOOOH “aCTHUHOH o6sacTy A€D,) 
To HMeeM Culemyronlee OOoOmeHHe 3aqauH UeOpiileBa: Kakve KpaeBble YCIOBUA), 
u == fi(s) uv = fo(s), THe S$ — JOHTAJIbHBIK MapaMeTp, LOKHDI ObITh 3aj\aHbl, |) 
UTOOL! OHA 3 VCKOMBIX (PYHKIHH (wu WIM UV) HaMMeHee YKJOHAMACh OT HY: .) 
BAY : 
Ilyers cuctema (I) runepOowuN4Ha B HekoTopoH o6macTu D. Tpe-| 
6yeTCA yCTAHOBHTb, KakHe Ha¥aJIbHble SHAaYCHHA U = fi(s)u 0 = fe(s) RomKHBT)? 
OLITh JaHbi Ha 8akanHBHOM Hure He xapakrepucTHuecKOH KpuBOH L,} 
uto6pl B o6macTH ACD ofHa 43 cbyHKUMH u WIM VU HaMMeHee YKJON A ACh OT HYJIA- 
[lpu STOM omycKaloTCsH TObKO TakHe BapbUpOBaHHA HavasbHbIX cdyHKuni! 
f, uw f2, YTOOL! OONaCTb BIMAHMA MX IeJIMKOM HaKpblBata o6nacTb A. . 

Ecau cuctema (1) npunaquexut B oOsacTH D KTNapadooswu4ecKOM 
Tuy WIM MaKe K KAKOMY-AUOO CMEC aAHHOMY, TO CTaBATCA aHay 
HOrHUnble 3aauv: KaKHe JOJKHbI ObITb 3aaHbl JONOHUTeIbHbIC YCOBUA TA 
TOTO, UTOObI OHA M3 HCKOMBIX (YHKUMH HaHMeHee YKJOBAMACh OT HYJA B 06-) 
nactu A, wacTHuHOH oTHOCHTembHO oOmacTH D. T 

B chopmyswpoBaHHBIxX 3alayax HakJlabIBaloTCH YCOBMA HelpepbIBHOCTH 
Ha cbyHKuun f, u fy H Ha UX DepBble YaCTHble MPOMSBOAHBIE. ; 

B. Mut npuBenu 3aaun OTHOCHTesbHO cucTembI (I), HO, KOHEYHO, 3aaqH O 
YCTAHOBJCHHH BHJa JONOJHUTeJbHBIX YCJIOBHH, Mp KOTOpbIX HCKOMad (yHK-) 
Il HAMMeHee YKJIOHACTCA OT HYIA B 3alaHHO OOacTH, MOryT ObITh NocTaB+ 
JeHLI H WWI KBa3HsuHeHHEIX ypaBHeHui 2-ro nopszKa uM BooOMe AIA ypaBy 
HeHMii (H CHCTeM) Pa3JIM4IHEIX MOPALKOB OOmlero BLA. E 

C. Ykagannple rpynnyl npoOem MoryT ObITh OOOOMLEHEI CeLyIOuluM obpa! 
3om. Bye CuHTaTb, YTO Hao HaHTH He TOJbKO JONOMHUTEbHbIC yCOBUA, HC! 
H KpHBy!0 (HJM KpHBbIe), Ha KOTOPOH (HIM KOTOPbIX) OHM JOJKHbI ObITb 3a,aHbl) 
c TeM, UTOOLI HCKOMOe pPellleHHe YJOBJeTBOPANO TpeOOBaHHIO MHHUMAKCA. Ha 
9TH KPHBble JOJDKHbI ObITh HaIOXKEHbI ECTECTBEHHbIe OFPaHHYeHUA, KaCaloulHecs | 
UX TylalKOCTH, HeXapaKTePpHCTHYHOCTH U T. I., OOYCOBIEHHbIe TeTAIbHOK N10 
cTaHoBKoli 3aauv H THOM ypaBHenua. Take mpoOsmembl OcoOeHHO TPyHBl 
JWIt ypaBHeHuli sumunTMYecKOrO Tuma, HOO B STOM Cily¥ae TpeOyeTcsA Haut} 
elle 3aMKHYTy!O KpuByl0 B A HW 3HayeHHA MCKOMOM yHKIMH Ha Hel, a 3aTeN) 
pellaTb OJHOBPeMeCHHO BHYTPeHHIOIO HM BHEINHIOIO OTHOCHTebHO STO KPHBOW 
3aylauv, pelleHHA KOTOPEIX JOJKHBI OLITh TOKeCTBEHHEI Ha STOH KpPHBOH. Ilo} 
cleqHve 3aauu CTaBATCA B HAaCTOAIMee BPEMA Ha OCHOBAHHU COBepIIeHHO py 
rux cooOpaxennit (°). 

§ 4. Bo Bcex MpHBeJeHHbIX 3aa4ax JONOJHHTeIbHbIe YCJOBHA WH KPHBbIC 
HeECYULMe UX, JOJXKHbI ObITh HafieHbI IPH yCJOBUM, YTO PyHKUAA, YOBJETBO) 
palollad anHomy judbepeniuasbHoMy ypaBHeHuio (HJM CHcTeme TAKOBBIX) 
HalpuMep (yHKUMA V, HaHMeHee YKJIOHSeTCA OT HYJA B TaHHOn o6macTH u3 
Me€HeHHA He3aBHCHMBIX MepeMeHHBIX A, uTO TpeOyeT yTOUHeHHA. 

O6o3HauHM JI HeKOTOpOrO ypaBHeHUsA (HIM CHCTeMbI UX) Yepes S COBO 
KYIHOCTb JOMOJHHTEIbHEIX YCJOBHH, KOTOpas OCYIeCTBIAeT KOPPeKTHY10 NC} 
CTAHOBKY 3aauH JIA JaHHOrO ypaBHeHHA B HEKOTOPH OOWIaCTH H3MeHeHHA He) 
3aBMCHMBIX TepeMenHEIX A. M3 GecuHcieHHOro MHOxKeCTBAa BCX MBICMMBIX S}) 
OUeCBHILHO, BCera MOXKHO BHIOPAaTb Takyto So, KOTOPaA M3 BCeX YACTHbIX PeleHH 
ypaBHeHHA BbIJeAeT OMHO, YIOBJETBOPAIOUee HEKOTOPOMy Hallepey 3aaHHOM) 
yculoBnio. B Hallux 3afauax TaKHM YCJIOBHeM ABJIAeTCA BbINOJHeEHHe IPMHILBM) 
MHHMMaKCa, KOTOPbI MOXKeT MOHHMATbCA [BOAKO. ¥ 

Ilycrb w3 Bcero MHOMKeCTBA (YHKIHH, HeMpepbIBHbIX BMecTe CO BCEM/ 
CBOMMH YacCTHbIMH MpOH3BOAHbIMH JO NOpALKa fM BKJNOUNTeNbHO B HEKOTOPO) 
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3aqaHHOHK oOmacTu-A, BbijeneHoO MoxMHoxectsBo K, KarK [bili 9eMeHT KO- 
roporo v; ABJIAeTCH pelleHHemM aHHOTO YpaBHeHHA C YACTHbIMH MIpo- 
A3BOMHbIMH n-ro TlopaAdKa. 

B KiaccH¥eCcCKOM CMbICae dyHKuneh v,EK, HavMeHee yKJIOHAI0- 
melica OT HyJia B OOnacru A, ABAAeTCH Ta, WIA KOTOPOH max|v, |p, = min, 
“we HekoTOpad Touka P,G@A; B ApyrHx %#Ke TouKax PEA He ucksHOUaeTCH 
303MOKHOCTb TOFO, 4TO | vVz|p <| Ug |p. 

J|uai HeEKOTOPbIX KaccOB ypaBHeHHH C YaCTHbIMH MpOH3BOAHbIMH MOHATHE 
IX, pelleHHi,, HaHMeHee YKJIOHAIOWIMXCH OT HYJIH, MOXKeT ObITb yCHJIeHO. 


MAMeHHO, Ha30BeM pellieHve UV, paccMaTpHBaemoro B OOnacru A ypaBHeHus 
pyHKiwveH, HaHMeHee YKNOHAWMeHCA OT HYAA B 9ZTOH OONA- 
fu, ecMH*BO BCeX TOUKAX ee |vo|<| oz], Tae v;—mo6ble Apyrue 
JCLCHHA YPpaBHeHHA, OTMHYHBIe OT Vy. IIpHMepoM TakHxX (yHKWMH (Cc TOU- 
FOCTbIO JO MOCTOAHHOrO CJlaraeMoro). MOryT ObITb B OKPeCTHOCTH HauaJIbHOH 
<PpHBOH, Ha KOTOPOH 3a]jaHbl HyJieBble JaHHble Koi, pelwieHia TaKHxX ypaB- 
feHHH, BCe .MHTerpadbHble MOBePpXHOCTH KOTOPBIX BCIOJY MMeIOT TIOJIHy!0 
kpHpu3sHy *% >0O. AcHo, uTo pellieHHe ypaBHeHHA, YAOBJIETBOpAlOllee ycuuJieH- 
(OMY IpHHIUMIy MHHHMaKCa, aBTOMaTH¥eCKH YJOBJIETBOpAeT eMY B_ KJlaccH- 
feCKOH TlOCTaHOBKe. 

§ 5. CymlecTBoBaHve pellieHHH yKa3aHHbIX 3afau ClelyeT HeNOcpesCTBeHHO 
13 ONpefeJICHHA KOPPeKTHOCTH MOCTAHOBKH Tex 3aad MaTeMaTHYeCKON (Pu3HKH, 
ITHOCHTEJIbHO KOTOPHIX CTaBATCA HOBbIE JKCTPEMAJbHbIe MpOOJeMbI, HO yc- 
IOBHA, pH KOTOPbIX WaHHOe ypaBHeHHe (HJIH CHCTeMa TaKOBBIX) JOMycKaeT 
yellleHHe, YMOBJIETBOpAIOMee YCHJICHHOMY NPHHIHMNy MHHAMAKCA, JOJOKHI ObITb 
loka3aHbl. To Ke OTHOCHTCA WK BOMpocaM EMHCTBEHHOCTH pellileHHi MOcTaB- 
IeCHHBIX 3aflau. | 

§ 6. Coo6paxeHua, H3JIO%KeHHBIe BbILUEC, IPHBOAAT K OOJIbIIMM BOSMOKHOCTAM 
\ACIUMPCHNA TeOPHU AudpepeHuWHabHLIX ypaBHeHHH C 4aCTHBIMH MpOH3BO]- 
ibiMu. JleiCTBYTeIbHO, eCJIM B MaTeMaTHYeCKOH u3sukKe JO CHxX Mop paccmar- 
)MBaJHCb B OCHOBHOM pa3JIHUHbIe MeTOJbI pelieHuA 3amay c 3a AHH EMH 
‘ONOJIHUTeIbHBIMA YCJIOBHAMH, TO Tellepb BOSHUKAaIOT MpoOJIeMbI O MpesBapH- 
‘@IbHOM YCTAHOBJCHHH JOMOMHUTCJIbHBIX YCJIOBHH, IPH BbIMOJIHeHHM KOTOPbIXx 
ICKOMOe PpellleHHe ypaBHe€HHA YOBJeETBOPAeCT HEKOTOPOMY OlIpeweueHHOMy Tpe- 
)OBAHHIO (MHHHMaKca WH KakoMy-sH60 MHOMy). JIpyrHMH CJIOBaMH, eCJIH 
jabbe Teopun quddbepeHuvanbHbIx ypaBHeHu Obima Teopvel dusnku (Ma- 
‘eMaTHYeCKOH (u3svKOH), TeopHehH ON HCAHHA CGH3H4eCKHX MpoleccoB u 
IBMeHHH, TO Tellepb (Mocse NMOCTaHOBKUM MpaKTHKOM HOBLIX 3aa4u, XOTA Obl 
TKa3aHHOrO 37eCb THMa) TeopuA AudpepeHUHaIbHLIX ypaBHeHHH CTAHOBUTCA 
‘copHehH DN peAckKa3aHHUA HU YUpPpaBMe HHA MpolleccaMu MU ABJe- 
IMAMM, OMNHCbIBAeEMbIMH STHMM YpaBHeHHAMH. 


‘ Hosocu6upcKHit HHCTHTyT Tocrynuuio 
HHKeHEPOB TeosesHH, a9podoTocbeMKH H KapTorpadun 24 IX 1960 
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PASIEJIEHHE JBH)KEHHU WM ACMMIITOTHYECKHE METOJ BI. 
B TEOPHM HEJIMHEMHbIX KOJIEBAHHA | 


(ITpedcmaeaeno axademuxom M. B. Keadouuem 16 1X 1960) 


B wactosee BpeMA HanOosee adpeKTHBHBIM NpHeMOM B aCCHMMTOTHYeCKOH 
TeOPHM HeJMHEHHEIX KOMeOAHHH ABJIAeTCA METO yCpeqHeHHA (7). B npeqmarae- 
Moi 3aMeTKe OO6CYy2KaeTCA BO3MOXKHOCTh HHOM TOUKH 3PCHHA Ha ACHMITOTHYECKHE), 
MeTOIbI — TOUKH 3PpeHHA pasfeleHHA JBYXKeHHH Ha OplcTpoe HM MejeHHOe (3B0-) 
guouHonHoe). Kak 6ymeT oKa3aHo, MeTO, ycpeqHeHMA, a TakxKe HeHHO nIpu- 
MBIKarouluii K HeMYy IIPHeM HCCJIeqOBaHHA CHCTeM C ObICTpO BpalllaroulHMHucA cpa- 
3amu (1,2) ABJIAIOTCH UACTHBIMM CJIyYadMH MeTOMa pasyeeHHA JBY>KeHHH. 

Tlepexoaa kK tbopMyMpoBke Hen pasyeeHHA TBYMXKeHHH, PacCCMOTpHM T1a- 
PaJWIebHO CHCTeMbI ypaBHeHHH HeBOSMyMIeHHOrO JBYKeHHA 


du {dt =U (u) (A)) 
HK BO38MYIMICHHOrO JBHKCHNA | 
do | dt = U (0) + V (2), (2)) 


rye BOsMyulaomlan dyHKuua V JonycKaeT aCHMNTOTHYeECKOe Pa3JOKEHHE MO) 
cTeeHamM Magoro mapametpa V(e, v) = eV,(v) + &°V2(v)-+... OOosHadHM 


i == UOT) 


petlenne cuctemnl (1), yLOBJeTBOPAIONIee HAYaJIbHbIM JaHHBIM Us — 9 = U (w,0) 
a, 

HetpyHo noKka3aTb, YTO pellileHve ypaBHeHus (2) Takxxe MOXKHO 3anmucaTE 
B Buse (3), HO TOra HY2KHO CUNTATb, YTO W He MOCTOAHHO, a 3aBUCHT OT ¢ — IPH 
eM, aHaJIOPMUHbIli MeTOLY BapMallHd MPOW3BOMbHEIX NOCTOAHHBIX B JIMHeH 
HBIX ypaBHeHuax. Tlomyyaiomleeca np 3TOM ypaBHeHve Jia w, Boole Toy 
BOps, ABHO colep2xKHT Bpema. B wHHeEHHOM CJlydae, B YaCTHOCTH, MOFyT 0" 
ABUTbA CEKYJAPHbIe WIEHbI. SICHO, YTO MCCEMOBAHHe CyIleCTBEHHO yipoulaercs, 
eCJIH JIA W NOJyYaeTcA BBTOHOMHOE, T. €. He CosepxKalllee ABHO BPeMeHH, ypaB+ 
HeHue. STO ypaBHeHHe eCTeCTBEHHO Ha3BaTb QBOJIIOWMOHHBIM, HOO OHO OMMCbI- 
BaeT MCJWICHHbIe H3MCHEHUA CHCTeMBI, He 3aBUCHIIMe OT ee OCHOBHOFO, ObICTpore 


pasqejeHve BMKeHHH. 

Cuctembl, JonycKaiollne pasyfenenne IBUxKeHHH, HrpaloT cpeyM OOMLMX CH 
cTeM Bula (2) ponb, AHANOFMUHYIO POM [MarOHabHbIX CHCTeM Cpej[H JIMHEHHBIX,) 
Tloqo6no Tomy Kak CHCTeMy JMHeHHbIX ypaBHeHUM JMHeHOH 3aMeHOH NepemeH) 
HbIX MO?KHO TIPMBECTH K MaroHambHON cbopMe, HeMHeliHy10 cucTemy (2) MOxKHO 
HENUHEMHOM 3aMeHOH MepeMeHHBIX TPHMBecTH K opme, MonycKarolleH passey 
jleHve JBMKeHHM. McK MOueHHeM ABIAeTCA CYYall BbIPOKMCHHUA, COOTBETCTBYIO} 


WMH CJIy4alo %opaHOBOH CopMbI B JHHEHHIX ypaBHeHHAX. | 
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Hama OnmxKaiiwiaa Web — OTbICKaHHe yCJOBHH, DpH KOTOPEIX cucTeMa 
lonyckaeT pasyeeHue ABuxkKeHHuH. Tlopctapnaa (3) B (2), umeem 


7) 6 
ot ier 7 UH) +V(u). 


Blech H abe CuMBO 6u/dw uv aHaANOrHUHble eMy O3HAaUaIOT MATPHILy, 21eMeHTHE 
<OTOPOH CyTb 4aCTHbIe NPOH3BOHbIe KOMNOHEHT BeKTOpa uw MO KOMMOHeCHTaM 
sekTOpa w. Ilo onpeyenenuio dyHKuun u(w, ft), ee sacTHad mpoMsBomHaa no ¢ 
)aBHa U(u). Tostomy nepsble ueHbl B O6eHX YaCTAX PaBeHCTBa B3aMMHO YHHU- 
‘OK AIOTCA, H Mocne yMHoxeHHA Ha (du/dw) + cneBa nomyuaem: 


dw/dt = W (a, 2), (4): 


ye BBeeHO OOO3HayeHHe 
: W = (6u/dw)V. (5): 


IIo onpefenenuio cucTeM, JorycKaloulux pa3feneHve JBuxKeHHE, mpaBan 
acTb B (4) He JOwKHa CofepxKaTb ABHO Bpema. HecmoxKHbIe BbIKaqKH No- 


;a3bIBalIOT, AUTO 
ow per E gyn aA ; (6) 


at dw) - | du 


ostomy HeoOXO2HMbIM HM JOCTaTOUHbIM YyCJOBHeM pa3fleleHHA BHKeHUIi 
BJIACTCA PaBeHCTBO 


pe yO. (7) 

'cM OHO BBITOJHEHO, TO pellieHve ypaBHeHHa (2) aetca dopmysnon 
Ui ttt (Leek) (8) 
ne w(t) — petlenue ypaBHeHua (4), KOTOpoe B 3TOM CyIy¥ae MpHoOperaer BUI 
dw [dt = V (w). (9) 


TO cpa3y Mosyuaetca M3 paBeHcTBa (5) npy t=O, u6o Torga dbu/bw= E. 
lo Tak Kak W ue 3apucuT oT ¢, TO papencrBo W=V(W) umeer mecro 
wKIECTBEHHO. 

Takum oOpa30M, MIpH BHINOJIHeEHHH ycloBHA (7) Wa pelieHuaA ypaBHeHua (2) 
IcTaTOUHO He3aBHCHMO PelIMTb ypaBHeHusA (1) uw (9), a 3aTeM B pellieHve oOj- 
oro H3 STHX ypaBHeHHH (06cro BBHAY NMomHOM CumMMeTpuu ycoBua (7)) 
DICTaBUTb BME€CTO Ha¥aJIbHBIX JaHHBbIX (cM. (8)) pemleHue Apyroro ypaBHeHHaA. 
TO OOCTOATENLCTBO TIpeMCTAaBJAeTCA JOCTATOUHBIM ONpaBlaHveM [iA BBee- 
aA TEPMHHA «pasjeneHHe JBYXKeHHM». SameTum, uTo ecau U nu V— suueiinpie 
YHKIMH CBOero apryMeHTa, TO ycJioBHe (7) eCTb MpocTo yclIoBHe MepecTaHo- 
yuHOcTH MaTpul U u V.Tlostomy seBas uacTb ycIoBUAl (7) ABJIAeTCA ECTECTBEH- 
oIM O60OuleHHeEM NOHATHA KOMMYTaTOPa Ha Cyuali HEJIMHEMHbIX ONepaTOpoB. 
_Tlepefigem k JoKa3aTembcTBy Toro (akTa, YTO 3aMeHOM MepeMeHHbIX CHCTeMy 
|) mMoxwKHO mpuBecTu K cdbopMe, MonmycKaromlel pasqemeHve JBMxKeHHH. Ecnu fo 
IX Op MaJiOcTb TlapaMeTpa & He Hrpada HHKaKOM PoOJIM, TO Terepb OHA TIpH- 
ipeTaeT pellaromlee 3HaueHHe. A uMeHHO, OymeT OKa3aHO CyulecCTBOBaHHe 
‘AMNTOTHYeCKOrO pxnay=v + e€Q,(v) +e7Q,(v)+... Takoro, YTO ypaBHeHHe 
ia y yxKe onyckKaeT pasyesenne ABuxKeHHUM. HecsoxKHbIe, HO TPpOMO3KHe BBI- 
‘Taku NoKasblBaloT, YTO WIA Y NomyuaeTcA ypaBHeHHe, aHaJlOrMuHOe ypaB- 
‘HHIO JI VU, C TEM Ke, KaK WM CMeMOBAO OMKUMaTb, TAaBHbIM WICHOM: 


apayjat = Uy) 2Y ty) + 2°. (y) +... (10) 


OKHO MPOBepHTb, 3TO KoaPuuveHT Q,, NOMNexaulHH OMpeeseHHiO, BxXO-~ 
7 BY, cilelyouluM oOpasom: 


| Yn=¥n+—2U—F Qn (11) 
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re ee KpOMe 3a{aHHBIX byHKunl Vy, ~ +5 Vn) 3aBHCHT: TOJbKO OT. NpesI 
mymux Q1,:.~5 Qa Vis, B yactuoctu, ectb mpocto V,(y). Tlostomy mpr 
OTBICKaHHH ouepeqHoro Qn Yn MOKeT PaCCMaTPHBaTbCA KaK HSBeCTHAY 
byuxuusa oT y. KoaddutMentet Q,, Mbl JOJDKHbI MofoOpaTb Tak, yTOObI ypaB 
HeHHe (10) JomycKasio pasyemeHve apyxKenui. Kak MbI BHJeM BBIWe, STq) 
PaBHOCHIbHO TpeOoBaHHi, yroost (byHKiuH Y, KOMMyTHpoBauM c U B CMBICHY, 
“yenosua (7). Baoaa oOosHayeHHe » flogercomg 
; OY 5) OU 

aes piitstyeet5 6 


fy ¥)= 3 U ae, aU. aa 


pyeTca 9THM olepaTOpoM 


Yn=—Ly (Qn) +¥a, Lu (Yn) =9. 10 Ol ig 


Crporo roBops, BbIpaKeHHe (12) emle He ABIMeTCA OnepaTopoM, uO0 Jw) 
HOMHOTO 3alaHHa OMepaTopa' HeoOxOAUMO ykKa3saTb ero oG6acTh onpeseseHusA) 


BuiGop o6sacTu onpeseeHuA AUKTyeTCH Ha6opoM yHKuWHH Y,, KOTOpble He 
o6xolumo passaraTb BcyMMy (13). Ecau 3ToT BLIOOp TaK HIM MHAave MpoOUsBe 
jleH, BOMpoc O BO3MOXKHOCTH Pa3JIOMKeHHA (13) cBogqutca K Bompocy 06 oTCyT 
cTBUM y onepaTopa Ly KOPAaHOBOK KJETKH, COOTBeETCTBYIONeH HyJeBOMy co 
cTBeHHOMy 3HayeHuio. Mpi He Oyyem celuac O6cyKLaTb BO3MOXKHOCTh BbIPOH) 
jeHUs, a Mepelijem K pacCMOTpeHHIO OJHOTO MpakTHYeCKH BaxKHOTO cryuasl 
B KOTOPOM MOXKHO He TOJbKO JOKa3aTb CyINeCTBOBaHHe Pa3sJOMKEHUA, HO ua 
THYeCKH MOCTPOHTb efo. i" 
Sto nocrpoeHue OCHOBaHO Ha ApyroH MHTeplipeTallun PasJOKCHHA (13) 
WHTeplpeTalun, DOyUaloulehcA CeLYIOULHM o6pa3om. Mopmya (5) ¢ KaxKo} 
dyukunet V(u) OMHO3SHAYHO CBASBIBAeT (byHKUMIo OT W Hf, ABJIAIOILYIOCA Pe 
3YbTAaTOM TlapaslebHOTO TepeHoca V(u) Bomb TpaeKTOpul HeEBOSMYILeHHOr 
ipwxKenusa u(w, t). Pasnoxenne (13) nopowqaeT cpenH TakUx dyHKUHH pas 
*KeHHe, JOMyCcKalolllee OYCHb MpocToe UCTOJKOBAaHHE. STO eCTh pasJIOKeHHe JIC 
Soli pyHkuuN Bua (5) B CyMMy JByX: (byHKWMH, HHTerpHpyeMOl BLOJIb Tpaek 
yopuHii (T. e. MpelcTaBMMOH B Buse yacTHOH MpousBo_HOH no ¢ OT PyHKUMH TOr 
Ke Bua), H (PyHKILMU, He MeHsIOMelicH pM CABHTe BLONb TpaeKTOPHH. Tako 
UCTOMKOBAaHHe HEMOcpeCTBeHHO BbITeKaeT U3 CopMyiI (5), (6) u (13). Sameru 
uTO B CHy Tex xe CPOPMY., a TaK2Ke BbITeKAIOUIerO US (3) mpu ¢ = 0 paBeHcTB 
$u/6w = E, pasnoxenue cbyHkuui Buya (5) AaeT np NomcTaHoBKe be 
passioxenne (13). 
PasoOpanHaa MNTepnpeTalua ABIAeTCH OOeH HM TOMUTCHA BCerfa, a B OHO} 
B@KHOM JIA TIpHoxKeHuli YaCTHOM Cilyyae OHA HeMOCpeACTBeHHO NPHBOR 


K apbeKTHBHOMY pellleHHIo Bopoca. ITO cayual, Kora caBur Y, BAO Tpaer 
TOpuit TopoxKaeT MOUTH NepHosMyecKy10 PyHKUMIO t, WACTOTbI KOTOPOH He Hé 
KallIMBaroTcad K Hywi0. (Jlaibiie HMelIOTCA B BHly HMCHHO TAaKHe (byHKUWHH 
Torga 3aaua CBOLUTCA IpocTo K BbIeweHMIO U3 yHKIM ee cpeMHero SHANE 
HUA, TaK KaK HeTPy{HO NpPOBepuTb, YTO PaBeEHCTBO HyO cpeWHero sHaNeHH 
eCTbh HeOOXOMUMOe H JOCTATOUHOe ycOBMe HHTerpupyemocTH (B CMbICHe COXpé 
HeHHA IIpHHaqexKHocTH K Kslaccy) Takux yHKWMH. Tlostomy pa3sioxKeHy 
(PyHKIMH Ha MOCTOAHHYIO HM CPYHKIMIO C HyJIeBbIM CpeHHM SHAaYeHHeM COBI«é 
jlaeT C HYKHBIM Ham passioweHuem. He kacascb JeTasel BbIKIaq0K, IPUBeNe 
OKOHYATEIbHBI pesybTAT (B HMKeCMeLyIOWMXx opMyax Wu = u(w, ft), a WE 
TerpHpoBaHue 110 f MPOHCXOMUT BAO/b TPaeKTOpHH, T. e. pH PUKCHPOBAaHHOM w 


Y,(w) = eo (35) Yn (u) dt, a 


T+ 0o uf 
0 


1032 


T 
: fl OD\ ali 
Qn (w) =lim—\ (T 0 (5) IY, (u) —Y,(u)] dé. (15) 
T<0co - ee 
0 

Tlonyyenubie (PopMysbI HeCKOJbKO ymporlaoTcs, ecan Y, ‘oKa3biBaeTcs 
lepHofuyeckow (byHKuvelH ¢. B 3sTOM ciyyae ocTaTOUHO, OYeBHAHO, OpaTb 
pestHee mo llepHofy T, axe ecuH STOT NepHo 3aBMCHT OT w. 

SaMeTHM, 4TO HeEOMHO3HAUHOCTD B BbIGOpe Q, (H60 K Qn MOXKHO JOOaBHTh 
woOoe claraemoe Q), ya KOTOporo £,,(Q.) = 0) yctpanena B tbopmyuie (15) 
peOoBaHHeM, uTOObI cpefHee oT Q, paBHAJOCb HywJIO. ITOT Tpou3sBo, He 
VULCCTBEHHBIN JIA MOCTpOeCHHA ACHMIITOTHYeCKOH TEOPHH, MOXKET MMeTb BaxK- 
joe 3HaYeHHE TIP HCCeqOBaHHH CXOAMMOCTH aCHMMTOTHYeCKHX psHoB. Tako 
mocoO moctpoeHua Q, MO*KeT OKa3aTbCA He CaMbIM YauHbIM, XOTA Ha pep- 
bi B3rJIA, OH HaHOoee cnocoOcTByeT CXOMMMOCTH pHa WIA y. 

Bropoe 3amMeyaHue KacaeTCA TOrO OOCTOATEJIbCTBa, YTO BbIBOR Copmy.i (14) 
( (15) ommpanca Ha qcbakT nouTH mepHogxuuHocTu no ¢ NosbIHTerpambHOrO 
bipaxkeHnn. Muoxutenb (6u/dw)* MoweT He ObITh NOUTH MepHORMYHbIM B 
myuae OpilcTpo Bpaulaiouyyxca das. Hexoropoe BuAOH3MeHeHHe BbIBOMAa IpH- 
OMT B 39TOM Cy4ae K tbopMysiaM, aHanoruuHDM (14) uv (15). 

Hakonell, TpeTbe 3aMeuaHHe OTHOCHTCA K BO3MOXKHOCTH OOOOUeEHHA CbopMy.I 
CpeqHeHud Ha HeMepHosn4ecKHH Clyyal TpH MOMOULH aHaJIMTHYeCKOrO [Ipo- 
QDKeHHA u(w, t) Ha KOMMIeKCHBIe 3HayeHHA ¢, TAK UTO MHTerpHpoBaHHe MpoHuc- 
‘OMT 10 HeEKOTOPOH KPHBOH B KOMMVJIEKCHOM OOaCTH, BOJIb KOTOPOH MMeroT 
MBICI CpeqHHe 3HaveHuA. Tak, Hampumep, ecan U(uw) — mnuHenublii onepatop 
JI@CHCTBUTeCJIbHBIMM COOCTBEHHBIMH 3HayeHHAMH, TO CbopMyviEt (14) u (15) ator 
2KOMOe pa3sJIOxKeHHe NPH HHTErpHpoBaHHN BOJIb MHAMOH ocH ¢t. MuTepecHo 
aJIO Obl BLIACHHTb, ABJIAeTCA JIM Takoe OOOOULEHHE WJIJIOSOPHbIM, HJIH OHO Cy- 
eCTBEHHO paciivpseT Kpyr 3agay (13), onycKarloujux pelieHve pH MOMOULH 
opmya Tuna (14), (15). pumep dyuKkunn sht + sin ¢ aBaaeTcaA Mano OOHaze- 
MBalolulMM B 9TOM CMBICJIe. 

MuTepecHo nosTOMy MOMbITaTbCA HalTH MpsxAMble MOAXObI K pelleHHIO 3a- 
‘WH passomweHuA. K oOcyKMeHHIO OMHOM U3 TAKUX BO3MOXKHOCTeH MbI H Mepe- 
uM. YpaBHeHHA HeBO3MYLIeEHHOTO JBMKeHHA BbITALAT HaHOoJlee Mpocto, 
JIM B KaweCTBe HOBbIX He€H3BeCTHbIX BbIOpaTb CHCTeMy NepBbIX HHTerpaJloB 
vaBHeHua (1). Ho Tak kak 4MCIO NepBbIX HHTerpaloB Ha eJMHHILY MeHbIIe 
ipaAyKa CHCTeMbI, TO K HHM HY?KHO IIPHCOeAHHHTb elle OMHY He3aBHCHMyt0O 
JHKILMIO, KOTOPy!O ECTeCTBEHHO Ha3bIBaTb (pasoBoOli TepeMeHHOH. Takue repe- 
‘HHbIe BO BCAKOM CJly¥ae MOXKHO BbIOPaTb B OKPeCTHOCTH MOOOH peryAApPHOH 
UKH ypaBHeHHa (1). Hetpyaquo mpoBeputTb, 4TO B 3THX TNepeMeHHBIX 3ajaua 
i3OXKCHUA MIPMBOLUT K ypaBHeHHAM, JOMYCKaIOUlMM HHTerpHpoBaHHe B KBajl- 
irypax. Ilomyuatonleeca pelleHue CoslepxKUT, KOHE4HO, IIpOH3BOJIbHbIe PyHK- 
(u. DOpMaJIbHO TOBOPA, passemeHue JBMXKeHHH HMeeT MeCTO TPH JIOOOM BBI- 
pe 9THX *yHKUMH. OsHaKo sdcdeKTHBHOCTb ACHMITOTHYeCKOrO pa3sJO-KeHHA 
HI€CTBEHHO 3aBHCHT OT OrpaHHyeHHOCTH KoSsdPpuuNeHTOB. TpeOoBanue orpa- 
YeHHOCTH KOSPPUUMEHTOB MO3BOIAe€T B HEKOTOPHIX CJIY4YaAX YCTPaHHTb Npo- 
BOJI B BLIOOpe pemieHua. HemocTaTok mecTa He JlaeT BO3MOXKHOCTH B JaHHOH 
MeTKe Govlee TOqpo6HO OG6cyANTb 3TOT HHTepecHblii BOMpoc, CBASAHHbIM, 
POATHO, C BOMpPOCaMH CXOAMMOCTH ACHMITOTHYeCKHX pasJIOXKeHHH. 
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MATEMATHKA | 


E. C. CABHHHHA 


O 3AQAUE KOWM WIA YPABHEHHA HECTALLHOHAPHOK 
oUJIbBTPALMM TA3A C MHOPHMA MPOCTPAHCTBEHHbIMH ~ 
NEPEMEHHbIMU 


(IT pedcmaeaeHo akademukom H. 1. Tlempoeckum 16 VII 1960) 


ByfeM pacCMaTpHBaTb 3ayaty Kowu B o6Omacru G{—o<x< om, | 
O<t<T} aia ypaBHeHHA 
du/ot = Ag (uw), (1). 

rae A — onepatop Jlannaca; ’ (uw) > 0 npn OC ua, g’ (0) >0; p (0) =9;) 
p (u)EC*™, c yenoBHeM | 


U jog = Mo (X)) X= (345 ie 3 ey les ol Seen soe lim ih (%) == Hos ae 


Ypapnenue (1) onncbiBaeT HecTal[MOHapHYlo (pusIbTpalluio rasa B MHOrO~ 
MepHoli NlopucToli cpeze. B cayyae OAHOTO He3aBHCHMOrO IIpOCTpaHCTBeHHOTLO | 
epeMeHHOrO 9TO ypaBHeHHe H3yas0ch B (2) | 

B naweii padore BBOLUTCA OlpemesweHHe o6oOWeHHOrO pelleHHA 3ajauH | 
(1)—(2) u JoKasbiBaeTCA ero CMHCTBEHHOCTD. B npegmonoxKeHuu, YTO U(x) > 
> 68> 0, MbI MocrpowM KslaccH¥ecKoe pellleHHe Sazaun (1) — (2), ucrionpsy a 
ipa pa3JIMUHBIX cioco6a MocrpoeHHA QOOOMIeHHOrO pelieHHA HM allpHOPHbIe’ 
onenku Hama. TIpu u,(x) > 0 odobmeHHoe pellieHne sanauH (1) — (2) mo-} 
JIYYHM Kak Tipesed KlaccHyeckux pewennit C HavasbHOL (pyHKUHell Wy (xX) + & 
mph ¢—>0. 

1. Onpenenenue O60OmeHHOTO pemleHuA UH CTO eUHCT- 
BeHHOCTh. OrpannueHHyl0 B G *yHKI{HIo u(x,t) HagbiBaeM OOOOMLeHHbIM 
pemienuem 3aqauu Koum (1) — (2), ecm cytecTBy!oT OOOOMIEHHbIe MpOU3SBOHBbIC) 


Op (u) | Ox;, CYMMUpyeMble C KBaJpaToOM B G, \\ [u (x, t) —Uoo]? dxdt < 9c, 
\ ) 


i Jia mOGoli HenpepHiBHO Audepentiupyemon PyHKWAA [ (x, ¢), paBHow Hy 0 
BHe KOHeuHOL OOacTH HonynpocrpanctBa tf <T, BbIMONHAeTCA PaBeHCTBO 


N (oe) 
oe of A (a) 6) q 
\\ E = 2 | dx dt + \ u, (x) f (x, 0) dx = 0. (3 


—=Co) 


E,MHCTBeHHOCTh OOOOMIEHHOTO pelleHHA 3afauH (1) — (2) MoKa3piBaeTcs 
aHaJIOrHuHO TOMY, Kak 9TO CJeaHo B padoTe Gas 

2. Tleppuyi cnoco6 nocTpoeHHuA o60OmeHHOrO pemenus 
Ip Uy (x) >> 6 > 0. Tlocrpoum o6odmenHoe pelienne 3a,auH Kowm (1) — (2 
B MpeMMOO*KeHuU, YTO OOOOMLEHHbIe MPOHSBOAHEIC Op (U))/Ox; WM pasHocr 
P (Uy) — P (Uco) CYMMHpPyeMbl C KBapaTOM. . 

3ameHa tepeMeHHbIx @(u) =v, “= P(v) NepeBowuT ypaBHeHHe (1) 
ypaBHeHne 


@’ (v) dv/ot = Av 


€ HavaMbHbIM YyCHOBHEM V|r2p = Uy (X), THE VU (x) = @ (Uy (X)), Yoo = & (co) 
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Ilycrb vo (x) — nocneqopatenbuocth (byHKUMH, YOBJeTBOPAIONUX: ycu0- 
BHAM: : 

1) v* (x) €C2+* B npocrpauctse x: 

2) vg (x) CxogaTcA B cpeqHem npu A->0 kK v,(x) BMecTe C NpOH3BOAHEIMK 
nepBoro Nopaqka u vi > a > 0; 

- cyl ) ayh 

3) HHTerpa OT KBapatTa MpousBOAHbIX (pyHKiHl v(x) uv | Uy (x) | orpa- 
HHYeH KOHCTaHTOH C, He 3aBHCAIeH oT fh. 

OG6o3HauHM uepes v(x, t) pelleHne ypaBHeHHa 


@’ (uv (x, t —h)) dv/ot = Av (4) 

npu ¢ > 0 c ycnoBuem ATE} 
ni, — ve (x), THe h > Ow v(x; 2) 20% (x). mpu t< 0, (5) 
Ilycth G,,— o6nactb {—m<xj<m, i=1,...,N,0<t <7 H Ss) — 
OONACTR (= 7 <4; mM, i= 1,...,N, t=}, m=12.... ua duxcupo- 


BaHHoro h->O pemenve 3afaun (4)—(5) MbI NowyyHM Kak’ Npesea mpu 
m-—> oo pemleHnit v" (x,t) ypapHenus (4) B OOmacTH Cc ycoBHeM uh |) = 


lt-0 “7 
h inn fe PGnecis ayclen kK ‘ 
— Cs (x) lip x € Ones Um oe = Uo Tip x € On Sas 5 Um ee = Uo, 
: h h 2+o es ° 
Cae 1 Un, see be 605007, ame ee C MOCTOAHHOH, He sapucsilleti 
mJ 
OT m, 4H \ Ge ='C;, 
i e Ox; / 


V3 teopem 3 u 4 padotp (*) culeqyeT, uTo (byHKWHH i CYUeCcTBYIOT H 
Ipuvanexat Knaccy C?™* B Gp» Cc MocTosHHOM k, He 3aBHCAMel OT Mm, Tak 
KaK B Teopeme 3 Hopma pelleHua B C’'* He 3aBHCHT CyilleCTBeEHHO OT pa3- 
Mepos o6sacrH. Orciofla culeqyeT, YTO MHOxKecTBO {v'} npu (bHKcHpoBaH- 
HOM f# KOMIaKTHO B cMbIce C?'” B mo6oli KOHeYHOL OOnaecTH M3: G;-T. e. 
cyllecTByeT MOAMOcMesOBaTebHOCTb, Cxossiascn pn A->O ok), PbyHKinn 
By ecrtt Ouepuano, utTo v" sBsanetca pelleHvem 3agaun (4) — (5). 

B cuny mpwumuna makcumyma |v'|<cy. YmuHoxwkan ypaBHeHne (4), Ha- 
nucanHoe fia dyHkunn v" (x, 7), Ha Ov" /Ot u unTerpupyA MoyyeHHoe pa- 
BeHCTBO NO oOOsacTH G, JerKO OKa3aTb paBHOMepHYIO OPrpaHHYeHHOCcTh 
v"' — Uo B Hopme W)(G). 

linterpupys mo yvacTtaM, noJyuHM 


h 


3 = M/s ka 
\\ & (oh, (tm) ay dxdt + — \ >| dx = 
G 


ST j=1 
N i 2 
L OU mn if 
=;\> a) dx < Ne 
Soc 
‘Kpome toro, 

fa) h 

vt (x, t) —v" (x, 0) = \ ora: 
0 

co < co 


fr, » 
| \ (vo! (x, t) — 0..)@dx<2T*\\ (Se 
j —oo ; 
_ Tilo teopemam BuloxeHuA V0" KoMMaKkTHbI B Ly B NOOO! KOHeYHOI ooacTH. 
Dipenenbuas dyHkWHA Vv uMeeT OOOOUIEHHBIC MIpONsBOAHBIe NO x H m0 r 
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ABAMIOULMeCA CHAObIM T1peeJOM CooTBeTCTBYIONUX MpOHSBOAHbIX (pyHKNMH vn, 
HW NOTOMY 3aKOHeH Tepexof, K Tipewedty Mp h—>0 8 MHTerpasbHOM TO*KAecTBe 


gor 
/ h h 
C i au of 
ae" py) 2 f+ > = }dxdi =0. 
\\fe (or (x, tm) pe DES de 
G es 
Tak Kak v= @(u) uv O(v) =u, TO ANA U cnpapefiuBo (3). OuespuyHo, YTO 
u(x,t) yopmeTrBopsieT BCeM Tpe6oBaHHAM OOOOMeHHOTO pewleHHA saan 
(Qe | 
3. Bropok cnocooO nocTpoeHHA o606meHHOTO pelleHHaA | 
3anaun (1)—(2) mp4H u, (x) > 8 > 0. Aaa toro yroObl WoKasaTb, TO | 
HlocTpoeHHoe OGOGIeHHOe pelleHHe ABIACTCH KylaCCHYeCKHM, TIOCTpOWM eFo | 
IpyruM [yTeM MM MOKaxKeM, ITO OHO yhopsetBopser ycsopuio Tenpaepa | 
apy t >> 197 > Ol *Analoryano TOME Oplio clemaHo BT. 2, MO%KHO | 
noKa3arb, Yo pemienua uw” B oOnacTH Gp, ypaBHeHHs 
i. 


HD [oat MFI im (6) 


c yCOBAAMH 


s ca) (op 


ul | my hae 


It{=0" m ''|x;|=m- 


h 
Win i= 


KOMIaKTHBI Ip (PUKCHpOBaHHOM /1 B CMBICJI€ HOPMbI C?** pg mo6ohH KoHedHOH | 

odnactu. Ipenenbuaa dbyHkuna wu” ABAAeTCA pellleHHeM ypaBHeHHsl (6).c yc 
I et | 

nopuem ul, = up (x). | 
‘CormacHo mpHumwuny MakcuMyMa wu" paBHOMepHo  orpaHHueHbl 10 ii 

K ynkuttim u(x) mpumMenumMa Teopema Howa (*). Ho sro tTeopeme Bce | 


pyHKWAu u" yaosserBopsioT ycnopiio Tespiepa pH t.>t) > U (to —Upeme 
HBBOJIbHOe HCO) C KOHCTaHTOH, He 3aBMcsIeH OT h. Ylostomy cyllecTByet | 
lomMocHeqoOBaTebHOCTh uw", CxOAallaacH MpH h->0O «x dyHKUMH U, TORE} 
YROBMeTBOP AIOE YCOBHIO Tenpnepa upn ¢ >t). PynKuua u (x, t) ABISA- | 
ercd OGOOLLEHHBIM pemenvem 3azaun (1)—(2). B camom jee, AA uh cmpa-| 


BeEJJIMBO paBeHcTBo Diy 


pe 


A Sie ain | 
\\ (- He ‘e! dxdt —\\ 2 © (@' (ub (x, £—h))) (Ut, — u,,) dx dit = 0, 5 


mer ee m 
m Gy 
Ns a a - Me ek . aul, 2 
sf C m — a 
fi 
\ o 
SS \ (uh, — u,,)? dx Rs 
—0o 


V3 nosyseHHol OWeHKH CiesyeT BO3MOXHOCTH Nepexofa K Mpenery Tipu 
fi—>0 B MHTerpastbHOM ToxKsecTBe (3), Te BMecTO PyHKUAH u(x, ¢) nopcTaB-) 
neno u(x, t). B cusy TeopeMbl e\MHCTBeHHOCTH yHKUMA u(x, t) copmagaet|| 
¢ OGOGIICHHBIM pellieHHeM, MOCTPpOeHHBIM B II. 2. 

4. CyukecTBOBaHwe K#accuueckoro pelieHHaA 3anaum 
(1) — (2). Tloxasxem, uTo u(x,t) ABMAeTCH KaCCHYeCKHM PellleHHeM 3aylay 
(1) — (2), T. e. HelipepbiBHoO MpH t>0, uMeeT HeMmpepbiBHble NpOHSBOHbIE 
upH ¢ >0, Bxog_aulMe B ypaBHeHHe (1), H yOBJeTBOpHeT STOMY yPaBHeHHIQ) 
u yenopuio (2) B OObIMHOM CMBICJIe. 1 

Teopema 1. Oepanuvennoe Kaaccudeckoe peweHue sadauu Kouwu (1) + 
(2) cywecmeyem, ecau Uy(x)>S >0, Henpepoiena u ob00WeNHole npous6od), 
Hole PYNKYUU @(Uy(X)) U pasHOcMb | (Uy (x) —@ (Uoo)) cymMUpyembl C Kead), 
pamom. | 
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Jloka3aTeaberso. Ypapneune ©’ (@ (u)) 0z/0t = Az, Tae u— 0606- 
HleHHoOe pelleHve sajaun (1) — (2), yaoBnerBopstoujee ycuopuio Tenpyepa 
-upu ¢ >t, >0, umeer, kak HSBeCTHO, KWlaccHyeckoe pemenne 2 (x, t), yqoB- 
_ TeTBOPATOUee HayabHOMy ycOBHIO Z |t=0 = @ (Uy (x)) (cM., Hampumep, (*)). 
JlerkO NoKa3aTb, aHanoruuHo TOMY Kak 93TO OblINO CyenaHO Bn. 2, yTO 
PyHKUNA zZ— @ (tuo) CyMMHpyeMa Cc KBajpaTOM nO OOnacTH G BMecte co 
BCeMH CBOHMH TI€pBbIMH TpoH3sBo_HbIMH. Pasnocth vit — 2 VROBJIETBOP eT 
ypaBHennto 

d(vt— 2 , OZ, 
D’ (v" (x, t — h)) ( a7 ps A (v* — z) + ap D (@ (u) —v"). (7) 

YMHOXKUM ypaBHeHne (9) Ha &mO (v" — z)/ot u IpOHHTerpHpyem HO OOvla- 
cTH G. PYHKINA o&, OeCKOHEUHO Audpepenunpyema, papa Hyso Bie Ky6a |x |=, 
PabHa Civnuie BHYyTpu KyOa |x;|=m—1, Beare 0O<a,p (x) <1, npyuem 
O,,(%) MH a?(x)/o, (x) orpanuuenbi PaBHOMepHO lo m. Murerpupys no ua- 
cTaM (7), Mocyle 9eMeHTapHoro mpeoOpasopanusnA Nowly4uHM 


pe see es \\ & (or (x, ¢— hy) “ eae dx dt 


Su 


/ 2 
tS Sof=l 


h 2 , h 
| Lm Ax <z\ », (a) mde 


Ox, Z Ox; 
Gut 
= / 2 ax,)? (et razieqms: | 
LACS (Gay Onl)" a. (2) B94) oMPomardt. 
aah) Z| Fe at ae dt Be, Nae) gol (4) —0")*amalc de. (8) 


Yvcna €; 4 €, BbIOUpaem Tak, UTOODI Opi NOMOAKUTENEH KOMPPHUHEHT pH 
h 2 ; 
| Oz) \" F 
\ \o" pea Xen Cl - Tak Kak O(v! — z)/Ox; CyMMMpyema c xkBag- 
patom B G  uHTerpan 


N a ee 
(te 


si) Ox; ot m 


OTJMYCH OT HYJIA JIMUIb pu MG Oe -1, TO 3TOT HHTerpall PH f1-> oo 
eTpemuTca K Hy O0. Ilepexoya K mpezeny npn m-—>oo B (8), nogwyuum 


N h a 
( -- ) \ ’ (v") (2 oot Jax ene” \ x i. oat a an 
of = 


< | 5 (2552) a Tee Se oa tel (@ (u) — 0")? dx at. 


Ss iA 

durerpasbl B papoli uacru CTpeMATCA K Hysio mpH A->Q. Tlepppii u3 nnx 
TPEMUTCA K HYyJIO B CHJIY yCOBHH, HaOxKeHHBIX Ha v'|,_9. _Bropol crpe- 
WuTCA K HywiO mpH A->0, Tak Kak 0z/Ot cymMupyema c kBakpaToM BG H 
“ crpemutes K @(u) B cpenHem npa A->0 B moOoh KoHeuHOH oO6nacrH. 

M3 nomyyenHpix oueHoK cneqyer, uro uv —z=—const. Tak Kak v =z npH 
=0, To v=z, T. e. u=@(v) aBanetca KnaccuyecKUM pelueHHeMm 3ayaun 
1) — (2). 

B cuyuae, Korga u(x) > 0, pemenne sanaun (1) — (2) Moxer 6pITb n0- 
YyveHO Kak Tipefes pelleHHi C NOMOKUTeILHBIMH HavasbHbIMH WaHHbIMH. 

Aptop rmy6oko mpu3natesen CBOeMy HayyHOMy pyKoBoyntTemo O. A. Oneii- 
HK 3a CyleCTBeHHY!0 HM HeEOMHOKPaTHYIO MOMOMLDb. 
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MATEMATHKA 
B. A. CTEWEHKO ee 


K-TIPABHJIbHbIE KOHYCbI 


(I] pedcmaeaeHo AKadeMUKOM II, C. Aaekcandposim 1 X 1960) 


B pHsoxKeHHAX TeOpHH MpocTpaHcTB C KOHYCOM K HeJIMHeHHbIM 3ajja4aM 
BAXKHY!O PONb HPpaeT BOSMOXKHOCTD NepexOAUTb K MpeAeuy NO MOHOTOHHBIM 
OrpaHHYeHHBIM TMOCMeAOBAaTeIbHOCTAM. M. A. KpacnoceapeKkui mpeqoxwKKs 
cnlelylolulue ofnpelesenHsA. 

[lycTb B BeljeCTBeHHOM OaHaXOBOM IIpocTpaHCcTBe E g3ajaubl fjBa KOHY- 
ca Ky u K, rue Ko K. NonyynopsanouenHocTb B E ,BBojutcs lp MoMoulA 
«umpoKkoro» KoHyca K: xy, ecsM y—xe€K. 

Konyc Ky uaapipaetcd K-11 paBUJbHBIM, CCAM B MpocTpaHcrBe E cxo- 
WUTC BCAKasS MOHOTOHHO BO3pacTalollad HM OrpaHvueHHas (sce mo KoHycy K) © 
OCAeLOBATEIbHOCTh BIEMCHTOB H3 «y3KOrO» KOHyca Ka, Tae@e eC a 


4 he Sh SX lee (1) | 
Kin Kitty G Kgs ie cone =) (2) } 


cmegyeT, 4TO | Xn —Xntp|—>O UpH n— oo. 

Konyc K, Ha3bipaerce BUOWHE K-1paBUJbHbIM, eCH CXOMMTCA 
BeaKad MOHOTOHHasd (10 KoHycy K) M OrpaHHyeHHad NO HOpMe MOCsMeAOBa- 
TebHOCTh 3ieMeHTOB U3 K,, T. e. ecm us (1) u 


inl <M (ee ee (3) | 


culekyeT (PYHAAMCHTAJIbHOCTb MOCMeAOBATeMbHOCTH Xn. 

Tina cayuan K = Ko (B Tom calyyae K-lpaBHJIbHOCTh BW NOHaA K-t1paBHJlb- | 
HOCTh HASbIBalOTCA COOTBETCTBEHHO MpaBHJIbHOCTHIO H TOMHOM TpaBHJIbHOCTEI) | 
p (4) u3y¥eHa CBASb M@KLY NOHATHAMH MpPaBHJIbHOCTH, NOHO NpaBMJJbHOCTH | 
Mu HOpMaJbHocTH B cmbicsle M. [’. Kpeiiua (?) Konyca, B wacTHOCTH, MOKa3aHo, ITO | 
BIOJHE WpaBHJIbHble KOHYCbI IpaBHJIbHbI, a IpaBHJIbHbIe HOPMAJIbHBI. Ectb r1pu- | 
mepnt (4), KOTOPbIe NOKA3bIBaIOT, YTO He KaxK [bl HOPMAJIbHbIM KOHYC mpaBHJeH - 
MU He KaKIbIi NpaBHJIbHbI BHOJHE MpaBHJeH. | 

‘B uHacroatleit ctarbe paccMaTpuBaeTca enyuah Ky = K. 
_ 1. OuepuqHo, 1paBHbHOCTh M WosHaA MpaBHJIbHOCTb «uupokoroy KoHyca | 
K oGecneuHBaloT: COOTBETCTBEHHO K-r1paBusbHOcTb HU TOJHyIO K-paBHJbHOCTb | 
Konyca K,. OueBugno Takxe, 4TO BcAKMH K-npaBHJIbHbIi (BnowHe K-lpaBuJib- ) 
Hb) KoHyc Ky OOmalaeT CBOMCTBOM IIpaBHJbHOCTH (MOJHON [IpaBMJIbHOCTH). | 
OHakO MO*KHO yKa3aTb MpPHMepbI BIOJHE MpaBHJIbHEIX KOHYCOB K,, KOTOpbIe | 
He OOJajlaoT cBolicrBom K-rpaBHJbHOCTH NO HeKoTOpomy KoHycy K (cm. 1. 2). 
‘ OrmeTum TaKxKe, UTO NOWHaA MpaBMAbHocTh KoHyca K, B COeAMHeHHH C | 
K-1pasuapuocrpio Konyca Ky He oGecneuMBaloT DpaBHDHOcTH KoHyca K. 
CoorBeTcTByIoWluii mpuMep OyfeT IpHBeyeH Hue (I. 2). 

2. Mo. M. I. Kpeiny (2), Konye K Haspaercd HOPMAJbHBIM, CCIM | 
cyilectByer Takoe 5 > 0, uTO JIA MOOHIX BEKTOPOB €1, 62 EK (|\e:| = lee |= 1 
BBINOJIHAeTCA HepaBeHcTBo ||@; + e.| > 6. Kak MaBecTHo (?), HOPMaJIbHOCTD | 
KOHYCa SKBMBaJIeHTHa CYyUeCTBOBaHHIO TaKOTO M, uwro us 0<x<y BbiTe- | 
Kaer HepapencTso |x||< M|y ||. B caasu c sTHM Ham lpewcTaBlneTcH ecTe- | 
CTBCHHBIM CJieyrollee onpeeweHne. 
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Konye K, Haspipaetca K-HOpMaJIbHBIM, eCIM JIA BCeX 31eMeHTOB 
x,y € Ky MOxHO ykKa3zaTp Takoe N, yTo us O<x<y cuefyeT HepaBencTBo 
ixi<MUyl. 

mxKe uepes K, (V,W) OOosHayaeTCA MHOMKECTBO TaKHX 9uIeMeHTOB x & K,, 
NTO UN K <w. 

Teopema 1. (H. A. Baxrun (*)). ua mozo umo6o. Kkonyc Ky O6ota 
K-HopMaabnolm, HeoOxodumo u Oocmamouno, umo6eL Bce mAHoHecmea K <8, to) 
(u,@K,) Oolau oepanuuenet. 

M3 onpefenenun K-nopMasbuoctu caleqyeT, uro Beakuit K-nopManpuptii 
konyc A, sBasercd HOpMasbHbIM. OOpaTHoe 3akslO4eHHe HeBepHo. 

PaccMoTpuM, HalpumMep, B mpoctpancTBe /, mHoxecTBo K, wHcsoBplx 


MOCHeMOpATevIbBHOCTew =X = (X41, %2,...,Xny»+--), Y.  KOTOPHX 4,520 uw 
OS Xn SX, (n = 2,3,...), H B KayecrBe MHOmecTBa K Bo3bMeM Bce auie- 
MCHTB! Y= (Yi, Y2,.--,Yn,---) Ela, BNA KOTOPHX yy, >>0, —wo <“y;<y, 


(i = 2,3,...). Herpyquo yoxa3atp, uro K, u K—xkonycn B Jy, mpHyem 
| Cay 

Konye Ky spBaaercd wacTbIO BIIOHe IpaBuJIbHOrO KOHYyca HeOTpHla- 
TeJIBHBIX MOCMe{OBaTebHOcTelt 3 /,, a mosToMy K, Bodine Mpapusen, a 


Bictie a MeeHOpMaeH; OnemenTH x; = (1,0,0,..*%),%_, = (1, 1,0,..'.), x3 = 
=(1,1,1,...),... mpunaqnexat K, u OrpaHHyeHbI CBepxy (0 Konycy K) 
auemeHtom u = (1,0,0,...). Oguaxo |x,]|= Vn=Vnllul a uepapencrso 


|<n|<N |u|] ne Bpmonnaetca Hu mpy Kakom N. Vax, K, ne o6nagaer 
cBolicTBOM K-HOpMaJIbHOCTH. 

OveBuHO, YTO eCIM «uIMpoKHiiy KoHyc K HopMaueH, TO Konyc K, Oyler 
K-HOpMaJIbHBIM. OjHaKo u3 K-HopMaJbHocTH KoHyca K, He sBcerga caelyel 
HOPMabHOCTh «IuMpoKorO» KOHyca. Hanpumep, ecm Konyc K) koHewHoMe- 
peH, TO OH Oyyer K-nopMasbHbiM H flaxKe K-paBusbHBIM 10 sKOOOMy KO- 
Hycy K. 

* gTeopema 2*. Beakuii K-npagunonoui Konyc K, seasemca K-nop- 
MAAbHOLM. 


JlonyctuM mpoTupyoe. Torja Haiiytca Takve mocweqoBaTebHOCTH U, H 
x, (o6e 43 Kj), sTO 


Rau Wie WE. (4) 
HB TO Ke BpemMaA 
| Xn | > n*| unl. (5) 
PaccMoTpyHM pay >) or . B cuny (5) sToT pay cxofutca. O6o3sHauuM 
n=1 | 2 
ero CyMMy uepes vy. OuepugHo, v,@K,. H3 Hepapencts (4) caeqyer 
x u rie x 
—<—, u mosTomy —< Uy. 
Pi <P 2fnIS 
| “ Xp 
_ PaccMoTpHM ToculefoBaTebHOCTh Yn = >; lal OuepunHo, yr,éK, (n= 
| k=l 


= 1,2,...) HW 41S eR... <n <<... <v,. Tlostomy, 8 cuny K-npapuup- 
‘HOCTH KOHyca Ky, Yn CHJbHO CXOAMTCH, ITO HEBOSMOXKHO, HOO | Yni4 — Yn =! 
(n= 1,2,...). HlonyyenHoe nporupopeyve joKa3pipaeT TeopeMy. 

M3 NoKa3saHHO TeopeMbl cileqyeT, uTO KOHyc K,, paccMOTpeHHbIit BBILLe, 
He ABIaeTCH K-npaBYJbHbIM. 

3. Kak yxKe OTMeyaJOcb BbIle, 43 NOHO MpaBumbHocTu KOHyca K BBI- 
TekaeT ero MpaBusbuocts. Jia Npow3BoNbHBIX BrowHe K-npaBHJIbHbIX KO- 
HYCOB He yJlanocb JoKa3aTb ux K-npaBusbHocth u jake K-HopMaJIbHOCTb. 
UmetoT mectTo Gosee cable yTBep2xKeHusA. 


| 


Poema. KpacuocesbcKomy MpHHagexKHT Apyroe ToKa3aTebCTBO 3TOli TeopeMbl. 
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Teopema 3. Ecau konyc K, enoane K-npaguaen u K-nopmaaen, mo on 
K-npaeusen. 
Teopema 4. Ecau konyc K, enoane K-npaguseH, mo on HOpMaAeH. |} 
Teopema 5. ITycmo Oaa a16ott mMOHOMOHHOU OepanueHHou no HopMe 
NocAeOOBAMeAHOCMU Xn EK: xXy>KXoKt3<... moocHo ykasamb maxoit | 
gNCMEHM Uy, UMNO Xn +UyEK, (n= 1,2,...). Toeda u3 noanot K-npasuno- — 
nHocmu Konyca K, caedyem eeo K-npaeuabnocmo. | 
4. PaccMoTpuM BOTIpoc O TOM, TIpH KaKHX MONOMHUTEbHBIX YCMOBHAX | 
u3 K-ipapusbHocTH caeqyeT nowHad K-lpaBHsbHOCTb. 
Teopema 6, ITycmo K-npaeuavnolti Konyc Ky meaecen. Toeda K, ecmb | 
enoane K-npaeuabHollt KOHYC. | 
Teopema 7. K-npaguavnouli Konyc Ky enoane K-npaguaer, ecau KOHYC | 
K wopmaaen, a npocmparcmeo E caabo noaxo. 
5. PaccMoTpuM Tenepb JupipepeHinasbHoe ypaBHeHHe 


a _ F(t, x) (6) 


B 6aHaxoBoM mpocrpaHcTBe E, mosyyNOpsA,OyeHHOM TIpH TOMOLIM HEKOTO- | 
poro KoHyca K. Onepatop f(t, x) WpeqnonaraeTca HenpepbIBHbIM NO. COBO- 
KYHHOCTH nepemMeHHBIxX. Kak nokasan Byp6Oaku (°), 43 HelpepbiBHOcTH 
f(t, x) He BbITeKaeT TeopeMa cyulecTBOBaHHA (T. e. Teopema IleaHo B oOmleH 
(popMe Id ypaBHeHuii B OaHaxOBbIX NpocrpaHcTBax HeBepHa). B cBa3sH Cc 
3THM BOSHUKaeT BOMPOC O JOMOWJHUTebHBIX CBOMCTBAX, KOTOPbIMH JlOsKeH 
o6malaTh onepatop f (t,x), YTOObI Ain ypaBHeHuaA (6) Oblta cnpaBequBa 
TeopeMa cyllecTBOBaHNA. OKa3biBaeTCA, YTO PA] OCTATOUHBIX YCJOBHH Mo- 
KeT ObITb CChOPpMYJIHPOBaH B TePMUHAX IIpocTpaHCTB C KOHYCOM, CJM BOC 
TOJIb3OBaTbCA TOHATHAMU MpaBHJIbHOCTH WIM NOHO MpaBUJIbHOCTH KOHYyca, | 

Kak u spine, K, u K—konycpt B E, npuyem K,(_K. Byyem mpegno- 
JlaraTb, uToO onepatop f(t, x) ompemeseH H HelpepbIBeH Ha TOMOMOrHYeCKOM | 
IpOH3BeyeHuu oTpesKa [0,a] u MHOxKecTBa K, <8,v,>. Tlyctb f(t, x)E€Ky 4] 
f(t, x)<b(x)v, mpu ¢E[0, a], x€ Kg <9, vy). ; 

Teopema 8. ITycme onepamop f(t, x) npu teé[0,a] monomoneH Ha | 
K, <0, 0): us x<y caedyem f (t,x)<f(t,y). Hycme Konyc K, o6sadaem } 
ceoticmeom K-npaeuaonocmu. Toeda ypaenenue (6) umeem pewenue x(t), | 
onpedereHHoe Ha HeKomopom ompesxKe [0,6]C [0,a] u yooeremeopatowee | 
HavaAbHomy ycaoeutio x (0) = xX», ede xyEK <8, (> (Y <1). 
5 Pewenue x(t) moocem 6olme noayueHo mMemodom nocaedoeamedbHolx npu-| 
Onuacenutt: | 


t 
Pes ee eee \i Is, xe(syids (4 G [ORO], n= 0, 1,2, awieg (Aamir 
1 
Teopema 8 ocraerca BepHoi, ecmu BMecto K-npaBuuibHocTH KoHnyca Ko 
HOTPeGOBaTb ero nomHy10 K-paBusibHOCcTb, a OT onepaTopa f(t, x) morpe- 
OoBaTb JONONHHTeEJbHO, UTOOI BHINOJIHANOCb HepaBeHCTBO: 


sup f(t, x) [ee (el URcl ar kn t,o.) 


Ilo o6nruHbIM cxemam (°) Teopema 8 MOXeT ObITb HJIJIKOCTpHpOBaHa MpH- 
JIOKeCHUAMM K HHTerpo-uPPepewHHasbHbIM YpaBHeEHHAM. | 
Aptop BbipaxkaeT cepyeunyl0 mpu3natenbHoctb M. A. KpacnoceabcKxomy} 


3a MOCTAHOBKY 3afJau H COBETHI. 


BoponexkcKul TrocylapcTBeHHBIit Ilocrynuno 
yHHBepcuTer 30 IX 1960 


UMTHPOBAHHAA JIMTEPATYPA 

uM. A. KpacnocerscKkunn, JAH 135) Nol 2. (1960) 2 eMo eeKGipe tae 

M. A. Pytman YMH, 3,.. 1 (23) (1948). %H. A. Baxtuun, Tp. cemunapa no by HK-} 
WMOWaIbH. aHaiu3sy, BoponexcK. roc. yHuB., B. 6 (1958). 4H. A. Baxtun, Jiuccep-} 
Tawa, Boponexck. roc. yuus., 1958. ® N. Bourbaki, Elements de Mathématique, 
p. I, L. IV, ch. IV, Paris, 1951. © M.A, Kpacnhocea,ex an, Cele kepeumm 
Tp. cemunapa no (byHKIMOHabH. aHamusy, Boponexkck. roc. yHuB., B. 8 (1959). j 
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Joxrxagp AkayemMuu nayr CCCP 
1961. Tom 136, N85 


KHBEPHETHKA H TEOPHA PETY]AHPOBAHH A 


O. b. JIYMAHOB 


O PEAJIMV3ALHW ®YHKUWMH AJITEBPbI JIOTHKH ®OPMYJIAMH 
OrPAHHYUEHHOHM PJIYBUHHbI B BA3HCE &, \/, ~ 


({Tpedcmasaeno akademuxom M. B. Keadouuem 5 VIII 1960) 


BaxkHoe MecTO B MaTeMaTHYeCKOH MpoOJemaTHKe KHOepHeTUKH 3aHHMaeT 
W3y4eHWe aCHMIITOTHYeCKHX 3AKOHOMePHOCTeH CJIOMKHOCTH YMPaBAAOULMX CH- 
ictem (*). «MoulHocTb» HIM «<MpOv3BOANTebHOCTb» TOrO HIM HHOFO THMa yrpaB- 
JIAHOULHX CHCTEM MOMKET OMPeMeIATLCA CJIOXMHOCTHIO HawJyullei peartM3alnu 
NOCpeACTBOM 3THX CHCTeM (YHKUNH OMpeseeHHoro KsIacca. B HacTosen 3a- 
MeTKe paCCMaTpHBaIoOTCA COpMyvIbl OrpaHwHueHHOH TvyOUHbI B Oa3zuce & \/, . 
BKJOUAIONIHe TH3bIOHKTHBHbIe H KOHbIOHKTHBHbI€C HOPMAJIbHbIe (POpMbI (7,°) Hi 
UX OOOOMIEHHA, HM MOKAa3bIBAaeTCA, UTO C TOUKM 3PeHHA aCHMNTOTHKN yHKIWMH 
‘Wennona (*,°) copmy.int ray6uHEr 3 9KBUBaJeHTHHI (bopMysam s1060li GombUeli 
riyOuHE (popMyibl riyOuHbI 2, T. e€. HOPMAJbHbIe POPMBI, ITHM CBOLCTBOM 
He OGviajaior). 

OnpezesuM 10 HHAYKWMM HEKOTOpble CMelHaIbHble Kaccbl (OpMy.J, AB- 
JistoulwecaA OOOOUICHHAMH JIM3bIOHKTHBHbIX HM KOHDIOHKTHBHBIX HOPMAJIbHbIX 
pop. 

Kaacc Ay = Ag. COCTOHT U3 PopMys 

A MECORAET.., ores st Se me tas 


Kaace A’, onpesenserca cuefyioukuM oOpasom: 

Oe a a 

2) ecu Bek. gC Ay, TO (iy VF eneAs: 

3) Kjacc A‘ He SCE HHMKAKHX Jpyrux opMy.I, Kpome mpeycmor- 
-peHHbIx mm. 1) u 2). 

Kuiace Ax onmpesesaeTca JBOUCTBEHHbIM OOpa3om (?). 


IlycTb flasee 


(oueBHAHO, TO | A= =F) Ay): 


k=0 k=0 


Hampymep, ~ 
(((%1&%2) V (%1&X)) V X4) € A2); 
((((x1 V (%2 & Xg)) & X4) V Xs) & & (x1 V X2)) € Ay. (1) 
Bpejem opruibim O6pasom dbynkuun IWennona. [lycra Lf (f) (cooTBer- 


crpenHo Li(n)) — HaMMeHbllee HCO CHMBOJIOB TepeMeHHbIX, OCTaTOUHOe 


Wa peatusauuu dbyukuun f (coorpercTBeHHO smtOOoH PyHKUMH amreOpbI J0- 
FHKU OT f apryMeHToB) opmysol us Knacca A} (R= 2,3,...; §=V,*® 
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umu k= oo wu ——nycroit cumpom). B culy NpHHunna ABOlCTBeHHOCTH 
Sas 
LY (n) = Le (n). 


h 
Dro obmjee 3HaueHHe oO6o3HauHM uyepes L (nN). | 
IIpu onpenenenuoit Tak cyHkunu UlenHoua (rae 4cuI0 CKOOOK He BMsAeT 
Ha CJIOXKHOCTh (POpMywJbI) oO cyecrBy A?, eCTb KacC MUSbIONKTHBHBIX HOp- 


M&€JIbHBIX (OpM, A. — kalacc KOHbIOHKTHBHBIX HOPMaJIbHbIX (opm, Age 


Kjlacc (CYMM TIpoHsBeleHuli CyMM») TlepeMeHHbIX WIM UX OTPHLaHnH (°). a ae 
B 93Tom cmpicie dbopMysb (1) «9KBMBaJIeHTHBIy opmMy1aM 


Kite V bikg V ae (ea Vekee) ves Ku) (XV ho), 
JlerkO BHJeTb, UTO 


Ltin\SL (hye... 2 eee: Uns 
Teopema®*. IIpuk>3 
Oye 
logan 


L* (n) = 


? 


npuuem OAs awboe0 &>O0 Oona gyHKyuti f om apeymeNMoe X1,..-,Xn, 
OANA KOMOpoIX 


min (Li (7), LEU) <2) eee 


cmpemumcn K HYAIO C pocmom Nn. 


STOT pe3yJbTaT ABJIACTCA B OMPeeJIeHHOM CMBICJIG@ OKOHYATeJIbHBIM, T0- | 
CKOJIbKY, KaK H3BeCTHO, Ipu n >2 


[2 (n\ ee ean 


JloKa3aTesbcTBO TeOpeMEI, BBULY TOTO, To L™ (f) <(1—e) 2”/logs n, cocrouT B | 
ykKa3aHWH MeTOjla HOcTpoeHHA JIA Kako dyHKunn f (%1,...,%Xn) asmreOppl | 
NOPHKH (opMyJbI u3 A’, Ast Hee, cofepxalleli acHMIITOTHYeCKH He Oomee 


| 
2”/logs CHMBOJIOB TlepeMeHHBIX. OTOT MeTOf, MO3BONAeT Jit MouTH BCex } 
(PyHKUHH CTpouTb acuMMToTHYecKN HansyumMe dopmysb us A” (k > 3), Tak - 


Kan ly Ge Ay 


MatematTuueckuit uncTHTyT um. B. A. CrexksoBa Tocrymuio 
AxayemuH Hayk CCCP 2 VIII 1960 


WHMTHPOBAHHAA JIMTEPATYPA 


1C. B. A6mno0ucKu nH, COopx. Mpo61. ka6epneruxnu, B. 2, 7 (1959). 2 W. Duan p-¥ 
6eptT, B. Akkepmau, OcuoBbl Teoperuueckol soruKH, MJ, 1947. *C. B. H6na0H-- 
ckul, Tp. Matem. uncr. um. B. A. Crexnopa AH CCCP, 51, 5 (1958). *J. Riordan,¥ 
C.E.Shannon, J. Math. and Phys., 21, Ne2, 83 (1942). °C. E. Shannon 
Bell Syst. Techn. J., 28, Ne 1, 59 (1949). ®S. Abhyankar, Trans. IRE, EC-7, Ne 4,8 
268 (1958), *C. E.Shannon, Trans. Am. Inst. Electr. Eng., 567, 713 (1938). " ® O; bam 
Jlymaunos, JAH, 128, Ne 3, 464 (1959). °° O. B. JIynauos, C6opu. Ipo6n. kay 
OepHeTHKH, B. 3, 61 (1960). .| 


* B TepMHHaX KOHTAKTHBIX MapadeJbHO-nocueqoBaTebHBIX cxem [lennon moKasan (’), | 
uto L° (n) 3-2-1 —2, a Puopzanu Ienvon (4), aro gaa mo6oro ¢ > 0 gona bynKkunii f |, 
OT ApryMeHTOB Xj, ..., X,, AA KOTOpEIx L™ (f) < (1 — #) 2”/logs nm crpemurca K HyJO C pocToM | 
n, W, CaefopatembHo, L (2) > 2” /logen. Astop noxkasan (8,°), uro L° (n) ~ 2"/ logs n 
uTo (*) L*(n) ~ 2”/ logs n. 
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Worxagn Ankagemun nayr CCCP 
1961. Tom 136, Ne 5 


KHBEPHETHKA H TEOPHA PEI YJHPOBAHHA 


B. JI. MYPCKHU 


OB IKBUBAJIEHTHBIX NMPEOBPASOBAHHU SAX 
KOHTAKTHO-BEHTHJIBHbIX CXEM 


(ITpedcmasaeno axademuxom M. B. Keadouuem 9 VIII 1960) 


B 3amerxe (1) paccMaTpHBaJINCb 9KBUBAJIeCHTHbIe WpeoOpasoBanuA KOHTAKT- 
HbIX CX€M IIyYTeM 3A4MeHbI MOJCXeM Ha IKBUMBAJICHTHBIe (OMpeseseHve KOHTAKT- 
doit CXeMbI CM., Hampumep, B (?)). [lapa skBuBasleHTHBIX cxem A u B B3ayaet 
ipaputo A<>B, coracHo KoTOpomy B 11000 CXeMe MOXHO MOAcxemy, Nouyyaro- 
myloca us A HeKOTOpbIM DepeHMeHOBaHHeM OYKB, 3aM€HHTb DoOACXemoii, n0- 
nyyaiollelica u3 B Tem 2e TepeHMeHOBaHHeM 6ykB, H Hao6opor. B uactosmeili 
3aMeTKe C HOJOOHOM TOUKH 3peHHA paccMaTPHBaeTCA KJaCC KOHTAKTHO-BeH- 


AES eae I Chee ae) 
0S oe as Sa 2 a Mea Bo 


I 


~ 
NS 
~ 
So 


‘ 


ae 


i 3 wo <S sae 
ee aes ee 
3 ine 


3 
] Zs ] 2 
2 6 <=> 
3 4 Bay ame 


~ 
&> 

<9) 
So 


1 2 / Z 


Pue. 4. Ilpasuna cucrempr I’. Tomoca o603HaueHb! KpyxXKaMM; COOT- 


BETCTBHE M@XKLY TMOOCaMH ycTaHaBJIMBaeTCA HYyMepalluelt Hx; CXeEMbI B 
mpaBuse 1 6ecnomocubie; mpapan yactb 1 — nyctas{cxema 


[HIbHBIX CXEM. OKa3biBaeTCS, YTO TeopeMa 3 H3 ('), COraCHO KOTOPOH He CyulecrT- 
3yeT KOHeEYHOM OHO * cucTeMbI UpaByl MpeoOpasoBaHvii KOHTAKTHBIX 
oxem **, He oOcTaeTCA CUpaBeIMBOH DpH vepexoyle K KOHTAKTHO-BeHTHJIbHBIM 
*xeMaM. 

ByeM Ha3biBaTb Be KOHTAKTHO-BeHTHJIbHbIC CXe€MbI 9K BU Ba Jie H T- 
4bI MUM (Mp onpesesIeHHOM B3aMMHO-OHO3HAYHOM COOTBETCTBHH Me?KJy T0- 
miocamu), eCIH WIA KaxKow ynopsqoyenHoi mappi (a, 6) NoOmCOB OfHOK u3 
YTHX CX€M DPOBOJMMOCTh BO BTOPOH CxeMe OT OJ1OCa, COOTBETCTBYIOWerO A, 
'€ Mlogocy, CooTBeTcTBylollemy b, paBHa MpOBOAMMOCTH B TepBOH CxeMe OT a 
‘<b. ByfeM, Jasee, Ha3bIBaTb [Be CX€MbI JK BUBAMTECHTHBIMH OTHO- 
‘TUTECMBHO CHCTECMH NPaABUaA 4, HIM MpOctO a-9KBUBANeCHT- 
‘EBIMM, eCJIM UX MOXKHO NomyunTh [pyr u3 Apyra, IpHMeHAs NpaBuia CHCTeMBI a. 

| Ilyerp T —cucrema mpapua | — 6 (puc. 


* T. e. mosBoustionlel nepeBOAHTb OOyio Cxemy B J106yl0 eli 9KBHBaseHTHYIO. 
** Ecan np MpHMeHeHHH mpaBHJI JomycKaTb ToJIbKo mepeHMeHoBaHHe OykKB. 
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D-aKeueaNeHMHOL. 

O6osHayuM uepes X, MHOWKeCTBO {Xy,...,%n} PaSHUHBIX TMepeMeHHbIX. F 
ByleMm Ha3blBaTb 9JIeEMeHTAPHOH HEOPHEHTHPOBAHHOH Xy- 
IL€Mb1O MOACXeMy, COCTOAMLYIO U3 N TWOCMeLOBAaTebHO COe€AHHEHHDIX KOHTAK- | 
TORRY ao ee Oe (o,=0 uan 1). IpucoequHast kK 9THM KOHTAKTAM } 

2 ; j 
HOCIeOBAaTebHO (B. JOGOM MecTe) BeHTHJIb, MOyYYHM 9AeCMeCHTAPHYy lO” 
OpHeHTHPOBaHHYyW X_,-lellb. OneMeHTapHBle lem, loJyueHHble apyr 
U3 Ipyra NepecranoBKOl KOHTAKTOB H BeHTHJeH *, MbI He OyeM pasmuaTb **- | 


3 7 a /j 
3 
L. —> 
m A/Af, Ne P 
fe a 


Puc. 2. «Bprrpogumpley npaspuna 7—13. byksa J o3HataeT MpOH3BOUbHYyIO 
cine ne mL mm 


KOHDbIOHKIMIO BUa x74... x Ig, ..., I,m —BCEBO3MOXKHIE pasny- 


1 

Hbl€ KOHDIONKUHH Bua x51. xm”. B upasoi uacrn mpapuna 12 Kaxgpili 

(BXOQHOH) MOwOC HeEMOCpeACTBEHHO COeAMHEH 3JIeEMeHTapHOH OpHeHTUpOBaHHOli 
Weblo C KaKbIM «BbIXOJHBIM) TOJIOCOM 


QeMeHTapHbie Wenn OyAyT COO3HAVaTbCH KOHBIOHKIMAMM X%...x/", TIpH- 
NMCaHHbIMH peOpam (HM — As OpPHeHTHPOBaHHBIX Welle — OPHeHTHPOBAaHHhM | 
peOpam). Ilycrs A — X,-cxema, T. e. cxeMa Hal amtpaBHTOM {%4,..., Xn) ¥1,-0+)Xn}- | 
Ilyctb a,...,Q,—Momoca cxemp) A. Paccmotpum X,p-cxemy B c nowmo-§ 
CaMH @,...-,Q@,, HMeIOULYIO CNeLyIOULMH BUA: WIA KaxkOoH ynopsyouennolt 
napbl (Q;,Q;) pasNMYHbIX NomMocoB H KarkKMoro Hadopa (6;,...,6n) Hyseli 
€HHMIL TAKHX, YTO NPOBOMMMOCTb OT Q; K GQ; paBHa | Ip x%1 = 54,...,X%2»=Gp, 


cxema B cojlep2kuT 3JieMeHTapHylO OpHeHTupoBaHHyio X,-llelb, MAyuly1o oT 
a; K aj*** w Cofepxkallly!0 KOHTaKTBI x7,..., x". Cxemy B Ha30BeM K aHoO- 
HHUYe€CKHM BUOM X,-cxemMbl A. B skBuBaneHTHa A, TosTOMy ciopmy- 
JMpOBaHHaA TeOpeMa BbITeKaeT H3 CJeMyIolleli JIEMMBI. 

Jiemma 1. Beakyto Xn-cxemy A mooeno npeoOpasoeanusmu cucmemol V 
npueecmu K KaHOHULecKOmy eudy B. 

Byyem HasblbaTh 9NEMEHTAPHOH Xyp-cxemol Xpy-cxemy, nosyse- | 


pamMu llyTeM Of oh Mista KaxkloMy peOpy ceTu (OHO H TON Ke) KOHBIONK- } 
TH a ce . Jlemma | 0. npHBeyeHuH K KaHOHWUeCKOMy By cule-| 
wyeT u3 JleMM oh u 3. 


* Bes H3MeHEHHA OPHeHTALHH BeHTHIA. 
** Takue wenn mepeBowatca Apyr B Apyra mpaBiwiaMu 3, Hi 32. 


“eS T. €, KOHUBI enw CyTb a, y aj 4 BEHTHb e€ OpHeHTHpOBaH OT a, K Q). 
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JlemMa 2. Besakaa X,-cxema A T-aKeueaneHmna Hnekomopoti cxeme B, 
MOPas06AaHHOlL NYMeM CKACUCAHUSL B NOAWCAX HECKOALKUX saAeMeHMAPHOLX X p- 
xem (C Memu ace NOoAtocamu, “mo U A). 

JiemMa 3. Bcesakyto aaemenmapHyto Xn-CXemY MOHO NpeoOpascé6aHusmu 
mucmemol LY npueecmu K KaHONUUYeCKoMYy 6BudY. 

J\na Woka3aTebeTBa 3THX JIEMM TOTpeOyOTCA HeKOTOpble MpaBuJla, AB- 
Aaloulvecd crencTBHaMK upaBusa LT. Sto npapuna 7—13 (puc. 2). JoKasa- 
feJIbCTBa «BbIBOMMMOCTH» 3THX MpaBus u3 UpaBH I MbI onycKaem *. 

Joka3aTeabcTBo AeMMbI 2. SaMeHHM KaxKbI KOHTAKT HM BeHTHJIb 
JaHHOH cxempl A To MpaBusaM 7,, 7, MapadJIebHO COe/HHeHHbIMH 3JIEMeH- 


Pue. 3 


rapHpimu X,-tensmu. Ilycrh a@—nHe ABJIAIOILaCcA MOsOCOM BepllMHa TMouy- 
geHHol cxembl A’, B KOTOPOH COMpHKacaloTCA 9JIeEMeHTapHble Wel, CoorT- 
BeTCTBYIONIME PasJMUHbIM KOHBIOHKUMAM. IIpucrpouM kK a nO mpaBuny 8 
3ce 2” 9meMeHTapHbIX HeOpHeHTHpOBaHHbIx X,-lWeleH (CM. MIpHMep Ha_ puc. 
3a, Tam n= 2). SaTeM KaxkKfy1o 2ieMeHTapHy!o Web cxembl A’, MMetolLy10 
2BOHM KOHILOM TOUKy @, «MepeKHHem» 10 Tipapusiam 9;, 9, HH 9; Ha Jpy- 
coli KOHeI, COOTBETCTBYIONell IpucTpoeHHOH wenH. OcraBulyocsH «3Be3y» Cc 
JeHTpoM B a yamuM no mpaBusy 10. B nomyyenHoH cxeme A” uyncno Ta- 
SUX BHYTPeHHUX BepIIHH, KOTOpbIe ABJIAIOTCA KOHWAMH Welle Cc HeowMHa- 
KOBbIMM KOHBIOHKIMAMH, Ha | MeHbie, uem B A’. IlosTOMy, MpoBoyA Tako 
‘Ke TIpolecc ocTaTOYHO GobUIOe UNCIO pas, MOJyuHM TpeOyemy1o cxemy B. 

Tloka3aTenpbctTsBo aemMbt 3. Ilyctb Jana 92eMeHTapHand X,-CxeMa, 
4 @—TOUKA COMpPHKOCHOBeHHA a QJIeMeHTapHbIx X,,-leel 9TOH CXeMBI, He 
ABIAIOULAACA TowOcoM. PaccMoTpHM ell, OOpasyloulNe 3Be3ly BeplIHHbI a. 
MocneqopatenbHO mipHMeHia mpaBHsia 11,, Ils, Ils, 114, MomHO ycrpaHMTE 
43 3Be3bI MapasmuenbHbie wenu. Ilocne stToro: ecm B 3Be3qe BCe Wen OpH- 
2HTHPOBaHHble, 3aMeHsieM ee 10 Mpapuuly 12; ecm eCTbh HeOpHeHTHpOBaHHaA 
qelb, TO, IpHMeHAS MpaBsta 91, 9. U 9x, «MepeOpacbiBaeM» M3 3Be3fbI BCe 
IeTaJIbHBIe QeMeHTapHbie wenH (pc. 36), Mocme Yero OCTaBillasicA Melb 


ej 


_ * TlowHple JoKagaTeJibcTBa TeOpeMbI HacToOAulel 3aMeTKN HM Teopem uz (1) 6yAyT ony6- 


mkosanbt B CO. «TpoOembi KuGepHeTHKHy, BBIT. 5. 
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yansnetca c nomonpio 8. IlopropuB TakoH mpollecc WocraTouHoe YHCO pas, 
OJYYHM SIeMeHTapHy!o X,-CXeMY, B KOTOPOH 9JIeMeHTapHble WenH COrpu- | 
KacaloTCd TOJbKO B TOwocax. Jia mMowyyeHHA KaHOHHYeCKOrTO BHJa OCcTaeT- | 
CH TONbKO: YCTPpaHUTb HapaJeNbuble SJIEMeHTaPHbIe Wel, 3aTeEM KarkKylO | 
HEOPHEHTHPOBaHHy!0 Wellb 3aMeHuTb To UpaBuy 11, apo OpHeHTHpoBaH-— 
HbIX; HepeOpaTh BCe yIOPAOVeHHbIe Napbl PasJIMYHbIX TOJIOCOB H, eC OT | 
HepBOro TMosOca HeKOTOpOli Mapbl KO BTOPOMy MpOBOAMMOCTh oOTIMYHA oT 0, | 
HO TlepBbIli TomOC He CoeMHeH CO BTOPbIM HemocpecTBeHHO 9/IeMeHTapHOH 
OPHeEHTHPOBaHHO WelbIO, BBECTH TakylO Wellb, NOCefoBaTebHO TpHMeHAS 
upapuio 13; HakoHel, yAastuTb 10 UpaButy | M30NMpoBaHHble BHYyTpeHHue 
BePLIHHBI. 


Tlocrynuaio 
2 VIII 1960 
ILHTHPOBAHHAS JIATEPATYPA 
1B. JI. Mypexun, JAH, 127, Ne 2, 262 (1959), *C: B. AOnou ek ae 


Martem. uuct. um. B. A. Crekiopa AH CCCP, 51, 5 (1958). 


Jorxzanp Akayemuu nayx CCCP 
1961. Tom 136, Ni 5 


THHUPOMEX AHHKA 


B. H. HJIBHYUEB 


O UACTOTE OBPASOBAHHSA KABHTAWMOHHbIX KABEPH 
B TYPBYJIEHTHbBIX MOPPAHHUOHbIX CJIOAX UW CIYTHbIX 
TEYEHHSAX 


(IIpedcmaereno axademuxom H. H. AxOpeecoim 80VI 1960) 


SKCHepHMeHTasIbHblIe ucceqoBanua K. K. Ilanpuepa (1), Kuanna (?) 
Jem (*) MO3BOJIAIOT 3aKJIIOUHTb, YTO BOSHHKHOBeHHE, POCT H 3aXJIOTbIBaHHe 
KaBHTalHOHHbIX KaBepH B TYPOyJICHTHbIX HOPpaHHYHbIX CJIOAX H CIYTHbIX Te- 
MeHUAX CBAZAHO C MyJbCalWAMH WaBJIeHHA B TypOyJeHTHOM TeyeHHH. Mcriotb- 
3yYA STOT BHIBO, MOXHO NpescTaBUTL ceOe CleLyIouly!o CXeMY JHHAMUKY Ka- 
BHTaWHOHHBIX KaBepH B TYPOYJICEHTHOM TeYeCHHH: B HeEKOTOPbIli MOMCHT BDeMeHIi 
B OOACTh paspeKeHUA, BOSHUKAIOULerO BCJIEL- 
cTBHe NyJIbCaluli aBIeHHA, MonalaeT 3apo- 
Ibi, JI KOTOPOrO BeJIMYBHA KpHTHYeECKOTO 
qapneHua P, Sombie P. Ily3pipex pacrer, 
moka BemuuHHa P, — P ocTaeTca MoJ0xKU- 
TembHOH. TlomaB B oOmacTb MOBBILIeHHOrO 
WaBJICHHA, WY3bIPeK 3axJIOMbIBaeTcH. Takum 
26pa30M, YacTOTa BOSHHKHOBeHHA KaBHTallH- 
JHHBIX KaBepH OlpeesseTca vacToTol nmosB- 


Dp 


MNeHuUA o6macTer paspexKeHHs, JaBJIeHHe B Puc. AP mae TeHHe iaeaee: B 
uccseyemMoM oObemMe KE He 
KOTOPBIX HH2KE HeKOTOPOrO KPHUTHYeCKOrO jas rympocraTH¥ecKoe aS 


YPOBHA aBJeHHA, a TaK%Ke HU BEPOATHOCTHIO 
nonalaHuaA B OOaCTb JIOKaIbHOrO NOHMKe- 
HUA J[aBJICHHA 3apOJbilla KaBHTAaIlHH C 3TUM 
ypOBHeM KPHTHYeCKOrO JaBJIeHHA. 

B jlabHeHIWeM JIA yIpouleHua 3ayqaun 
SyleM IpeqnOJaraTh, 4YTO B paccMaTpHBaemoli 
%KBUIKOCTH MJIOTHOCTh 3apoOybiueli BemuKa, 


Ie x KpuTuueckoe WaBseHHe KdBi- 


Talus; P= Po = apue, | 2—> cper- 
Hee JaBuIeHHe.B QIeMeHTapHOM OOb- 
eme %KHKOCTH; o& — kospulwext 
paspexKeHuA; p — NMOTHOCTh XKUAKO- 
CTH;-U.,.— CKOPOCTbh ‘KUAKOCTH Ha 
6eCKOHCYHOCTH 


lee) 


4TO XKMJ[KOCTb OHOpOHa 0 pouHocTH u 

qTO m060H OObeEM €€ MOHRHO XapakTepH30BaTb KPUTHYeCKUM JjaBJIeHveM Px, 
pH JOCTHxKeHHH KOTOPOrO B XUAKOCTH OOpasyeTcA KaBHTAIMOHHAA KaBepHa. 
Takaa KaBUTallWOHHad KaBepHa MOXKET COCTOATH H H3 HECKOJIBKUX Pa30BbiX HI 
MapoBbIX MY3bIPbKOB, AHHAMHKAa KOTOPBIX CBA3aHa C OMHHM HM TeM %Ke BbIOPO- 
com jlaBieHusa. IIpeqnomox*xuM TakxKe, YTO OOpasoBaBIlIHecA BOSMyUIHbie Ty- 
3bIPbKH He OKA3bIBAaIOT CYMCCTBEHHOTO BJIMAHHA Ha XapakTepHCTUKH TypOy.eHT- 
Horo TeuweHHA. 

IlpHHaB BO BHHMaHHe ClemaHHble mpeqmouomweHuA, 3aayy O YacToTe 0O0- 
pasoBaHMA KaBHTAaUMOHHBIX KkaBepH cdopmyupyemM CJleflyloulMM oOpasom: 
TpeOyeTcaA ONpezeMMTb YacTOTy OOpasoBaHHA KaBUTaIlHOHHbIX KaBePH B HeKO- 
TOpoM oObeme TypOy.leHTHOrO TeyeHHA Av;, PaBHOM oobemy KOppesIAWHH Te- 
YeHUA, B CJIyYae COBMAXeCHHA ITOH YACTOTHI C YaCTOTOH NOHMKEHHA aBJIeHHA 
oO ypoBHA KpHTHYecKoro aBeHHA Py. I]punsaTbie OOo3HaveHHA aBJeHHil 
B uccleqyeMoM OObeme TypO6yJIeHTHOrO TeyeHUA TloAcHsIoTcA puc. 1. Cchopmy- 
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NMpOBaHHad 3aaya avaJIOrMuHa sajlaue, pemleHHon Paitcom (*) 1a wactorpr N; 

TIPeBBIMICHHH BLIGPOCOB S/IEKTpH4eCKOrO WyMa C aMILVIMTy amu A, pacmpenesnex- 

HbIMH 110 HOPMaJIbHOMY 3aKOHY, Hall HEKOTOPHIM (PHKCHPOBaHHbIM YPOBHeEM Ay 
PesybTat, nomyyeHHb Palicom, MOxHO MpeqCTaBHTb B Be 


1/ 


te 


(A, ie 


[Joc oo | @(o)do— a . a 


2, 


Vi = exp fe 


26 
0 


rye ® — KpyroBast yacToTH; M(w) — ciekTpasbHas MOTHOCTL Cly4aHHON Be- 


aMunHbl A; 6 — cpeqHeKBaypaTu4Hoe OTKJOHeHHe; A — cpefHee 3HayeHHe CJ1y-- 
yaitHol BeruunHE! A. PurypHas cKOOKa B dopmywe (1) npeycTraBaneT cpeqHe- | 
KBapaTHuHy!0 KpyroBylO YaCcTOTY C/ly4awHorO Mpoliecca. { 
Tlockombky yJbcallvnH aBJieHuA B TypOyJIeHTHOM TeYeHHH MO?KHO CUH- 
TaTb pacripeseseHHbIMH TO HOPMaJIbHOMy 3aKOHy (°): *: 


{ ie Pyae 
V0) oe 


ae Oy Re < Re, = uyl /v, 
ke (so —t)?, Re >Rex, 


rye u, — KpuTuuecKas cKOpocTb (pH uw >> uy TeyeHHe TypOyseHTHO); k — mo- 
cTosHHan; /— xXapakTepHbIli pa3sMep Tela; V— KHHeMaTHYeCKaH BA3KOCTb; 
Re—uncno PetHonbaca, To dopMyay (1) MO%XxHO HCHOIb3OBaTb WIA BbIYHC- 
Je@HHA YaCTOTbl! OOpas0BaHHA KaBHTalHOHHbIX KaBepH B OOBeMe, PaBHOM 
o6bemy Koppeisuuu. Jia Toro uToObl OTbICKaTb OOUee YHCIO KaBMTAalLHOH- 
HbIX KaBepH, OOpasylOlluxcH OKOJIO OOTeKaemMoro Tesla B TeyeHHe | cek., 
HeOOXOMUMO TIPOCyMMUpoBaTb 3HayeHHaA N; TO BCeM 3JIEMeCHTApHbIM OOBeEMaM | 
Av;, YUHTbIBAA, UTO BeIHUHHbI CpefHero paspexkeHua P; = P,— puss | 2 u 
CpefHeKBalipaTHUHOrO OTKJIOHeEHHA 6;(Re) 3aBHCAT OT MecTa pactouo*KeHHA 
guleMeHTapHoro oObema Av;: 


Nhe y < exp| x sail @; (w) do (o, (w) do — P? ‘ acai 
; 


ete 


los ce 
Sd 


®Mopmy.ry (1) MoxKHO MpOBepHTb, COMOCTABHB ee C 9KCHEPHMeHTAJIbHbIMH J1aH- 
HbiMu paOoTH (*). B stow pa6oTe no KaBHTaWMOHHOH KaBepHOH nNospasyme- 
BaeTCH CKONJICHHe Ta30BbIX HYy3bIPbKOB B BUXpe, CpbiBalOlWleMcaA C Kpyrvioro | 
wninHHApa. Tlostomy ompesesuM cpeqHeKBaypaTMYHYIO YaCTOTY Nysbcallnit WaB- | 
JieHuaA B Popmyse (1) Kak cpeqHeKBaypaTH4Hy!O YacTOTy OOpasoBaHHA BUXpeH | 
OKOJIO WHIMHIpa, ONycKaa NyJIbcallHu MaJIbIxX MacwITaOoB. M3BecTHo, yTo npH } 
Re = 10°=10° 3a kpyrapmm wuanHEpom o6pasyetca JopoKKa Bpbenapa — 
Kapmana, 4 npolecc OOpas0BaHuA BUXPel DNPH DOCTOAHHOM CKOpOCTH TeueHHA 
OJU30K K NepHOMyeCKOMy, BCIeqCTBHe 4ero CpemHEKBapaTHYHAaA YacToTa Mpo- 
tlecca O/IM3Ka K CpejlHe HM 3aBHCHMOCTb CpeHeEKBaypaTHYHON YaCTOTbI OT CKO- 


pocTH TeveHHA Ha OecKOHeUHOCTH Uco HU AHaMeTPa WHJIMHApa | MOxKHO npey- 
CTABHTb B BHJe 


Vo? = 2m (0,18 + 0,22) too / l, (4) 


rae 0,18--0,22 — uucno Crpyxana St qua Buxpeli, CpblBalolmlMuxca c Kpyrsoro 
WHsnnapa (°). 

TogcraBiaa B cbopmy.ry (1) BeIpPakeHNA AIA CpeqHero MaBeHHA B BbIOpaH- 
HOM 93JICEMCHTApHOM OObeMe [WIA CPeMHEKBaPaTHYHOTO OTKJIOHEHUA JaBJIeHHA 
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Me 
‘ 
f 
l 


‘4 ANA CpeqHeKBakpaTHuHON KpyroBo 4acCTOTHI, MoO/y4aem 


LN eas a au? 


c, . Hoo co ; 
$1 (0,18 = 0,22)-P exp|— (ea. =uF — Bh a) aoe Sacied 
(5) 


Jina Kpyrsioro WHIHHApa KpuTHyeckoe uncyo Pelinonpyca Re, = 50. 
BenuunHa (Py — Px)/*/20 (too — ui)? =Q, T. e. uMeny KaBHTanMH. Tpn 
oo > Uy 9TA 3ANMCb TOK MECTBCHHA NPHHATON B WHTepaType No rusposuHamukKe. 

@Mopmysy (5) MOxKHO 3alvcaTb H B ApyroM BHZe: 


F Uo Q— a)? 
N; = (0,18 0,22) 2 exp|—S" | pu Re>50, tots. (6) 


3 dopmys (4) 4 (5) MoxwkHO HaliTH 3aBHCHMOCTb UnCa St KaByTalNoH- 
‘HbIX KaBePpH OT NapaMeTpoB MOTOKa HW opMbI OGTeKaemoro Teva 


— a)? 
St =—— = (0,18 0,22)exp |-S="] mpu Re>5d0, uo S> uy. (7) 
oo ; 

B dopmyaet (6) u (7) BxoqaT noctosHHble a u k. Benuunny Koadbunnenta 
paspexeHHA % ONpeeHM JWI TOUKH OOpasoBaHHA BUXpeH (TOUKH OTpHIBAa 
TypOyJeHTHOrO HOrpaHHyHoro cOA OT 
CTeHKM KPYyrJoro WHIHHEpa) u3 9KcTe- 
PUMeHTAJbHO HaligeHHoro (*) pacnpenese- 
HHA JaBJeCHHA OKOJO KpPyrworo WHTHHApa 
mpu Re = 10°+10*: a =2,00~ 2,1. Benn- 
‘unHa KOSPDUIMeEHTAa NPONVOpWHOHaJIbHOCTH 
MeKTY CpeHeKBalpaTHYHbIM OTKJIOHEHHEM 
flaBJeHHA W CKOPOCTbIO TeveHHA B MOTOKe 
Rk npwsaumManacb paBHol 0,58. Ona Opia 
nmlomyyeHa Beruesiopom (°) qa c1yyaa n30- 
TponHo TypOyeHTHOcTH. OueBHHO,YTO 
iBemM4NHA CpeHeKBalpaTH4HOrO OTKJIOHe- 
HHA WaBseHHA B DOrpanH4yHOM Cwioe OyeT 
>0,58. 0 i 8 

B cdopmyuns (6) u (7) BxoquT cKopocTp 
moToKa Ha 6ecKOHeYuHOCTH B Oe3rpaHHuvon 


12 m/cer 


Pue. 2. SapucumMocTb 4HCIa KABHTAaLLHOH- 
HbIX KaBepH N wu 4uncaa Crpyxaa Ka- 


cpene. Onbits! K. K. Ulaspxepa mposogu- 
JMCb C MCMOb30BaHNeM PHApPOMMHamuyec- 
Kol TpyObI, NOITOMY DpH cpaBHeHHH TeO- 
‘PeTHYeECKHX H 9KCUCPMMCHTAJIBHBIX JaHHbIX 
HYKHO YUMTHIBATh MONPaBKy Ha BJMAHHE 
ppauum. Tak KaK CKOpOCTb NOTOKa wu B 
paGote (*) onpefesaeTca Kak CpeqHAA CKO- 


BUTalMOHHbIX KaBepH St oT ckopocTu 
TeUeCHHA U MpH MOCTOAHHOM UHCIe Ka- 
BuTrauuu Q. Touku — 3kcnepHMeHTasib- 
HbIe Javuble paoortn (+). Jlunuu — Te- 
opeTHuecKH HalfeHHble 3HauyeHua N wu 
St KaBHTaWHOHHBIX KaBepH VIA JByX 
3HaueHHH uncia Crpyxaa  Buxpert 
0,18 (1) u 0,22 (2) 


pocTb JIA BCero *KUBOrO CeyeHHA THpon- 

HaMM4eCKOH TpyObl B OTCYTCTBHe MOJeJIN, TO Ip pacueTe YaCTOTHI OOpas0BaHHA 
KaBUTALMOHHBIX KaBepH 0 dopmywe (6) Hy2KHO MIPHHHMAaTb Uy = 1,17 u, a 
TIpH BLMMCeHHM MO dopmyse (7) YncnaSt KaBHTAMOHHBIX KaBepH Uo =1,26u. 
Dru nonpaBku onpesenamuch K. K. Wlanbuespim 9kciepHMeHTasbHO. 

Ha puc. 2 pesybTaTbI pacueTa 4YaCTOTbI OOPaSOBaHHA KaBHTAlMOHHBIX Ka- 
BepH Hw uncma St UX CPaBHHBaIOTCH C 9KCMePHMeCHTAIbHBIMA JaHHbIMM pa- 
6otnt (!). S3apucumoctTb St KaBHTaIMOHHEIX KaBepH OT 4HC/Ia KaBUTallun Q TIpH- 
BelleHa Ha puc. 3. PacueT ucla KaBUTAI\MOHHbIX KaBePpH MpPOBOLHJICHA No top- 
| mye (7). ; 

| QO6nt4HO B rHAposMHaMUKe A MOJEIMPOBaHHA KaBHTAaMOHHBIX ABJICHHH 
MCnOMb3yIOT YNCIO KaBUTaluu. Dopmywt (1) —(7) NoKasblBaioT, 4TO coxpa- 
HeHue MOCTOAHCTBA UNCa KaBUTAaIlMH elle He OOecneyHBaeT NOZOOUA UAaCTOT 
o6pa30BaHua KaBHTaNHOHHEIX KaBepH, NOCKOJIbKY YHCIO UX 3aBMCHT Tak2Ke OT 


-pasmepa oOTeKaemMoro Tela H 4epes KOIPPHIUMEHTH CpeHEKBapaTHyHOrO OT- 
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KIOHEHHA JlaBJICHHA, CpeHero paspexKeHHA H CpeHEKBapaTHYHOH UYAaCTOTHI 
nyibeauli — oT uncna Pelinonpyca. Takum oOpasom, JIA OCTHKeHHA NoJo- 
6uA YacTOT OOpas0BaHHA KaBUTAIlHOHHbIX KaBepH JOJ2KHO COXpaHATBCA M0- 
CTOAHCTBO YHCIa KaBHTAaluH, wucna PetHombyAca u uncaa Crpyxaaa. 
PaccMoTpuM MacluTaOHbIM sdpieKT, HaOwO,aeMbIH MPH MOeTHpOBaHHU M0 
YHCIY KaBHTAlHH KPHTHYeCKOM CKOPOCTH BOSHHKHOBeHHSA KaBHTAallMH. Ecwm 
3a KPHTHYeCKY!O CKOPOCTb KaBHTalHH MPHHATb CKOpOCTb, HaYHHaA C KOTOPOH 
YHCJIO KaBHTAIHOHHbIX KaBepH Pe3KO BO3pacTaeT, TO €€ MOXKHO ONPeMeIUTb 3 
COOTHOMeCHHA 
{(Po — Px) /P (tx — ty)? — atu / 2 (Ux — uy)?}? = 2h?a?, (8) 
re a — HekoTOpasc yCJIOBHO BbIOpanHasA NOocTOAHHAaA. Dopmysa, onpesensatonlasa 
Ux, 3ANWIMeTCA B Bue 
1,4kau (Re) ) { P\— P,, ms 0,7 Raou? (Re) Mi 
Ux = (Re) /24+1,4ka ' \ p(a(Re)/2-+ 1,4ha) (a (Re) /2 + 1,4 ka)? 


(9) 


re uw, = Re,v/l. U3 dopmyat (9) MoxHO 3aKNOUHTb, YTO YBeJHYeHHe pasMe- 
PpOB IMHHIpa MpHBOLMT K YMeHbINeHHIO KPHTHYCCKOM CKOPOCTH BO3HHUKHOBe- 
HHUA KaBUTAaUMH (MaCcuITaOHBIH scpexT). 

Bplllie MbI pacCMOTpesIM TpHMeHeHHe Popmywp! (1) K cyualoO CpHIBHOK Ka- 
BUTAWMH Ha KPYTJIOM WHIMHApe, olHaKo | 
OHA MOET ObITb IIPHMeHeHA H K Cyyyalo, 


024 i 
MOrpaHH4HON KaBUTalHH. J] 3TOFO He- 
ta 16 OOXO2MMO JIMUIb HalwexKallumM o6pa3om 
te ONpeZeIMTh CpeqHeKBapaTuyHy!o ya- 
a) 


CTOTY Ilybceaunh aBsenua. Mcnonp- 
3YA JLaHHbIe TE€OPHH JOKAJbHO H30TPOTi- 
HOH TypOyeHTHocTu Kommoropopa — 
2 3 O6OyxoBa, MOXKHO T0Ka3aTb, 4TO BenH- 

ie 4HHa CpeNHeKBapaTHYHOH 4aCTOTHI 
Pue. 3. 3aBucumocTb uucna St KaBuTaln- Kp YNHOMAacIuTaOHbIx NyJIbCanun AaBse- 
OHHBIX KaBepH OT UNCNa KaBuTaluu Q. yA NpOnopmuovasbHa Uodl l. Torna LNA 
Q— 9KCNepHMeHTaJbHbIe aHHbie pabo- YACTOTHI oOpasoBaHna KaBepH TIpH o- 
Tht (1); 6 — oTCyTCTBHe KaBUTAalMH M0 WeH- c 6 
HbIM paGotsr (7); @—nepppie 3ByKoppie PAHHYHOM KaBUTalMH MOJOKHA ObITb 
TIpH3HakH Kabutalnu (7); e—npeppiBuc- CMpaBeqIMBa (opmya 
TBI€, 3aMeTHBIE BU3yaJIbHO KaBepHEI (7); 

ap 


0 — cKauOK COMPpOTHBAeHHA O6TeKaHHtO (7); Uoo 
é€ — OTPbIBHOe OOTeKaHHe (*) N~ T EXP E- SR 
he 


(10) 


Sta POpMysa MOKasbIBaeT, 4TO MPH NOCTOAHHOM UNCe KaBHTallMH uwacToTa 
BOSHHKHOBCHHA KaBHTAIMOHHBIX KaBePH MpONOpPIMOHaNbHAa CKOpOCTH Teue- 
HHA — BbIBO, KOTOPbIi NOATBeEpxKMaeTCA  SKCNEPHMeHTAbHOH paoToii 
Kuanna (°). JImHetiuaa 3aBucumocts N oT cKopocTH TeyeHua MoxeT Ha6mo- 
HaTbCA W B TOM CJlyuae, KOra BeIMYMHA SKCHOHEHTH OM3Ka K eAMHUMe, 4TO, 
HanpHMep, pealM3yeTca, korgqa 3HaveHHA Q uM a Mau. 

B 3aksl0ueHHe yKaxKeM, 4TO HCNOMb3OBAHHe MPUBeMeHHEIX CooTHOWeHUti 
OTKPbIBAacT MPHHIUMNHANbHYIO BO3MOXKHOCTb PacueTa 3aBHCHMOCTH HHTeCHCHB- 
HOCTH KaBHTAaIMOHHOrO UlyMa HM KaBUTallMOHHOH Spo3HH OT XapaKkTepucTuK 
moToka WH oOTeKaemoro Tea. 


Axyctuyeckuii WHCTHTYT Toerynuio 
Axajemuu HaykK CCCP 28 VI 1960 


UMTHPOBAHHASA JIMTEPATYPA 

1K. K. Wlanapbues, Usp. AH CCCP, OTH, Ne 1 (1956); Ne 1 (1958). 2 R. T. 
Knapp, Cavitation in Hydrodynamics, Pap. 19, NPh, London, 1956. °J. W. Dail y> 
E. Jonson, Cavitation in Hydrodynamics, Pap. 4, NPh., London, 1956. 4S.0. Rice, 
Bell System Techn. J., 23, 282 (1944); 25, 46 (1945). 5 JI. K. B eTueaop, Teopua 
OMHOPOAHOK TypOyeHTHOCTH (nox pen. O6yxosa), WJI, 1955. © B. Etkin, G. K. Kor- 
bacher, R. T. Keefe, J. Acoust. Soc. Am., 29, Ne 1 (1957), 7B. A. Kouctar 
THHOB, M33. AH CCCP, OTH, No 10 (1946). 
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Jloknaye Akanemunu nwayr CCCP 
if 1961. Tom 136, N 5 


THIPOMEXAHHKA 


H. H. MOJIBCKMM uw akagemux AH YCCP HM. T. UIBEL 


, 


OB ABTOMOJIEJIbHbIX PEWWEHHAX YPABHEHHIi JIAMMHAPHOFO 
NOrPAHWYHOLO CJIOA B MATHHTHO PHAPOAWHAMHKE 


‘ 


1°. B nocnequee Bpema NOABUAMCh MHOrouNCeHHBIE pa6oTHl, NOCBALeEHHbIE 
STEICKAHVIO ABTOMOJEJbHBIX PeleHHli ypaBHeHHH JaMMHapHorO Teyenua Bs3- 
KOM SEKTPONPOEFOMHOH MAULKCCTH HIM rasa NPM HaNWuHH MarHUTHOTO Nona. 
B OobuMHCTBe H3 HX UCCHeyeTcA OOTeKAHHE WIACTHHbI WIM TeYeHue B OK- 
JECTHOCTH KPHTHYECKOH TOUKM 3aTyNJeHHOrO Tena Mp Tex WM MHBIX OrpaHH- 
H€HHAX: HE YUMTHIBACTCH, HANPHMep, B3aHMOJeHCTBMe MArHHTHOFO TOA Cc He- 
BASKUM TEYCHHEM, ODYCK@IOTCA B ypaBHeEHHM SHEPrHu WIeHbI, XapakTepusyt0- 
Hue PASKYIO M DKOYeBY MMCCHDAMIO, He YYNTHIBACTCA H3MeHeCHHe Hanps2KeH- 
HocTH B MarHuTHOrO NOJsA PONb u NonepeK Teyenus. J[pyrue aBTOMOsebDHBIE 
DeWMeHUA OBI NoNyuHbI B peCoTe (1) Aaa cnyyas, Korma CKOpocTb BHE norpa- 
THGHOTO COA HW HaNPAKEHHOCTh M@FHUTHOTO MOIS H3MeCHAIOTCA N10 CBAZAHHbIM 
gexKly coOol CTeneHHbIM 3aKOHaM BLONb Tea B HasexKalllum o6pasom BbiOpaH- 
HbIX MepeMeHHBIX (a He B MCXOJEOM «cpusn4ecKoliy naocKocTH). B paGote (*) 6bII0 
1OKa3akO, YTO BeMUNHAa BB OKPECTHOCTH KpuTHYECKOH TOUKN yOIBaeT NO HOp- 
fan OOpaTHO MponopinovanbHO KyOy paccTOAHUA M yCTaHOBJeHO BAMAHMe 
farHUTHOTO NOA Ha HEBASKOe TeYeHHe. OTO Jao NOBOA UCCHe_OBaTh B paboTe 
*) BIMAHHe yka3aHHOrO W3MCHeHMA BerHUNHE B na Tenonepeqauy. Tipu stom 
ICNOJIbSOBAaIMCb ABTOMOJCJIbHbIC YPaBHeEHUA pacdornl (1), B KOTOpHIX BenMuHHA B 
‘akKKE NPHHUMAAaCh MCCTOAHHOH, PaBHOH Ee cpeqHel BeAMUMHeE MEXxKLY KpHTH- 
leCKOH TOUKOH HM yRapHOH BouHOH. : 

HetTpyQxHO, O1HaKo, NOvIyYHTb ABTOMOJeNbHBIe pewieHua u Torna, Korza B 
(SMCHACTCH TO CTEMeCHHOMY 3aKOHY Kak BJlOWIb Tela, TAK H MO HOpMaJIN. 3yech, 
‘poMe TOrO, YKa3biBalOTCA HEKOTOPbIe JPyrve aBTOMOJIeMbHBIC pelieHia ypaB- 
eHHH JaMMHapHOTO NOrpanHyHOrO COA B MarHUHTHOH THLPOAMHaMHKe HB He- 
‘OTOPOM CMBICJI€ HCYeEPIIbIBAIOTCA BC€ BOSMOMKHbIe CyYaH NOMYYeHHA TaKUX pe- 
UeHuii. STuM Bonpocam u NocBslleHa HacTosmas padota. Hccnenyrotca cary- 
'aH HeECKMMaeMOH XHKUIKOCTH H raga. 

2°. B ciyyae HecxKNMaemoli 2xu~KOCTH ypaBHeHis JaMuHapHoro morpa- 
M4HOrO CJIOA MOKHO WpelcTaBuTb B BHIe 


ou Ba OU i 4 1 dp CPu Gat mee OU, Mi lOUY. 7 
U Ox r® Onn Bodx “ta Oy? p Bru; Ox tr oy as 4) 
00 Oi eeeiVc-OF 8 ($2) S poe 
OE en on ae Ps ae oy “pgp bane. 


mecb 6(x, y)—pa3HOCTb MexK,y SHTambnueli emHHMUbI Maccbhl B m060H 
d4Ke HW BO BHEIIHEM MOTOKe, a MoceqHHe Ba WIeHa B ypaBHeHHU 9HeEprHu 
apakTepH3ylOT COOTBETCTBEHHO BASKYIO M JxKOyJeBy Juccunannio. Cpanny- 
SIMH YCJIOBHAMV ABJISIOTCH 


lu (x,0) =0(x,0) = 0; w(x,0c) =U, (x); 6(x,0)= r(x); 0(x,00) = 0. (2) 


dx 
fa @yHKUMA Npw HayHynH OOBEMHBIX CHU, CO3qaHHbIX M@FHHTHbIM TOJIeM 
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; Ompefenum mpexfe scero dyHKunio U (x) papenctBom Pt ar UU, 


BO BHeUIHeM MOTOKe, OTM4Ha OT paciipefemenusa cKopocteli U,(x) Ha rpa- 
wwe morpaHuyHoro cyios. Byyem Teflepb pa3bICKHBaTb Te PacnpeweueHns 
U(x) u t(x), pw KOTOpbIX ypaBHeHHA CHCTEMBI (1) cBOmaTCH K OObIKHO- 
BeHHBIM C TIOMOULbIO MpeoOpasoBaHHit MosoOuA Ha MpodusisimMu ckopoctel H 
5HTabIMit (MOMpoOHOe onpefeseHve ABTOMOJebHOCTH CM. B pa6otax (**)), @ 
H Halilem ip STOM cBa3b Mexyly U (x) u U,(x). B cooTBercTBH C pe3yJib- jj 
Tatamu padot (4, °) Aa sTOPO HeEOOXOLMMO TOJIOKUTb . 


u(x, y)=Ug' (6); &E=yK(x); O(x, y) = t(4)8 (8) 


ia | @) | 
v(x, y= {9 Flew — te’). 


LaTe s 


[IpH STOM ypaBHeHHe HepaspbIBHOCTH YAOBMCTBOPAeTCA TOMAECTBEHHO, 
a wpa Jlpyrux ypaBHeHusa cucTempl (1) NpHMyT BHA | 


UK’ AE CAB? 
V2 eee Le tac aN Soci ERP saints ae 
® {1 apo’ =1+4+V G9 a) Umea 
(4) ji 
Uv? oe, UK?) Mv Kees U2 K2 ng 
eee —[l— px [29> pris + eae ee oa 


Jlerko BugeTb, YTO 9TH ypaBHeHusA OyfyT OOIKHOBCHHbIMM TOra HW TOJIb- | 
KO Tora, Korfa (Mpu CooTBeTCTBy!OWleH HOPpMMpoBKe *PyHKUMH K (x)) 
bee UK UK = 1/8: v= Ke 0 U2 /i=a; Ur /UtT=4, (5) 

2 
rye a, 8, y—octosHHble v y= 2 npw a0, a Benn4HHa SF! apaseres 
dbyHKunet —. Kak u B (*,°), MOxKHO yOenuTpea, 4TO (5) BLIMOMHAIOTCA, Kora | 


U~x" (8B=2n/(n+1)) «sn60 U~e* npu B= 2, (6)) 


‘ 2 
at= lbh OrHocutTenbHO BemuunHE! B npesmonoKUM, ATO Ha CTCHKE OHA § 


aBaseTca dyHkuvelt By (x), a B HamlpaBJieHHH Yy U3MeHACTCHA oO6paTHo Ipo- 
NOpuwoHalbHO s-f crenenu y. Kpome Toro, cileqyeT HMeTb B BHAy, UTO Ha} 
BHelHeli rpaHule norpanuynoro cwiod (T. €. MPH y— oo) HallpsxKeHHOCTb 
noua B Moxer oTswuaTbca oT HysA, ABIAacb byHKuMeH B,(x). Llonouwum) 
nostomy B(x, y)—B.(x) =6(x)[a(*) + yl’. Tak kak y= EK 1(x), To} 
jerko lofo6patb a(x) u b(x) Tak, YTOObI YOBMeETBOPAMHCh yCJIOBHA Ha CTeHKe | 


B(x, y) = Bé(x) +1Ba(x) — Bala) (1 + 8. 


Bynem cautatp eme, uTo B,(x)/Bw(x) = m— Bennauna, XapakTepHsyloulan } 
cTeneHb OCaOeHHA HHTCHCMBHOCTH MOA MomepeK MOTOKAa, He 3aBMCHT OT x. 


Jina nlomyyeHHA aBTOMOeJbHBIX pellleHAit HyKHO Tellepb, YTOOb! MOCTOAH-} 
is | 


° fe) tees ; 
HbIM ObIJI] MarHUTHbIM lapaMeTp C= re: 2To BO3MOXKHO, KOrWa B COOT- 


percTaun c (6) By~YVU", T. e. Bo cal bole Bac ee 
IIpu 3ToM ypaBHeHua (4) H rpaHMdHble yCJOBMs (2) IpHMyT Buy 


m” ‘fT 2 
Wt era , : i 

p” + 99" =B(g ) + Ce jek aH (7) 

Be ils eye ' ng 2 feodl seithr| Ainge 

57 8" + 89 — Brag’ + ap + abe {m+ op Be = 0; (8)) 

(0) =@'(0)=0; gi (w)=C; g(0)=1; glo) =0. (9), 


Tocrosnnaa C>>0 onpenenutes us (7) pH ——> oo, T. e. A3 ypaBHe-} 
nua B(C2—1)-+Cm?C =0. Kpome toro, U,.(x)=CU (x). SameTum, TO} 
Mp OTCyTCTBHH B3aMMOJeliCTBHA TOA C BHeIIHAM NOTOKOM B= m= 
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= 
i 
Bi 
Torna C=1uU,=U. Ecau npeneOpeub BaA3KOl HW AKOyNeBOH Auccunanuenh, TO B 
(8) Hago NonomUTD a= 0. I1pu 9TOM Nosy yaloTCA HOBbIe ABTOMOJEJbHbIe PelUeHHA, 


Kora + ~ U* ana mo6oro 7 (a He TONbKO Y = 2, KaK 9TO HMeJO MeCTO IPH 
yueTe JHCCHMaTHBHBIX UJIeHOB). 
' Sameuanne. Tipu nonyyenun ypaBHenui (4) npovspefeHo JeneHne Ha 
U’. Tipu 2Tom ynyuleH, pasymeetca, cayyal macruHbl U = const. Hapue- 
\Kalluli aHasIM3 NOKa3bIBaeT, YTO B 3TOM CJIyYae ABTOMOJIeJIbHbIeC ypaBHeHHA 
Honyyatotcn u3 (7) u (8), ecnH nonoKuTb B= 0. pu stom Henpemeno 
pa 

@= const u ¢ = = oa ATSC: Bate 
_ Ecam B cayyuae miacTHHbl JUCCHMaTHBHbIe YJIEHbI OTCYTCTBYIOT, TO ypaB- 
HeHHe SHeprun npuHuMaer Buz (1/Pr)g”+ gp —rge = 0. Npu stom xt (x) 
MOET ObITh NPOMSBOJbHOL cTeneHHOM dyHKuMel tT~ x”. / . 
_ OrmetuM ellie, 4YTO 3feCb ocTasicaA He paccMOTpeHHbIM culyyal n= — I, 
B= oc, T. e. 1—UK’/U’K =0, 4T0, cooTBetcTByeT TeYeHHIO B KOHysope. 
Dror cnyyali JerkO NpoahanvsnpoBaTb, NONaras B paBenctBax (5) vVK?/U'=1. 
M smecb merko nosyualoTcsh yCJIOBHA aBTOMOJeJIbHOCTH. 

3°. I]poneyennoe uccnefqopaHHe OTHOCHTCA K CJLy¥alO HeECKUMaeMON KHI- 
KOCTH C NOCTOAHHOM NpOBOAMMOCTHIO 6. STH NpesNoNomRKeHuA BHOMHE ony- 
CTHMbI B pale cuyyaeB, B YaCTHOCTH IIpH H3yYeHHH TeveHMA BOH3H KpHTH- 
YeCKOli TOUKH 3aTYMJIeHHOrO Tela Mp eTO ABH2KEHHH C OoMbIION CBepxX3ByKOBOH 
exopocthi. Vmenno B 9TOM cilyyae B padoTe (*) HccNefOBaHO B3aNMozeli- 
icTBHe MarHHTHOTO Novia C HeEBASKHM TeYeHHeM. 

Ykaxkem Tellepb NyTb NOMyYeHHA aHaJIOFHYHbIX Pe3yJbTATOB B Csyyae 
{oKuMaemofi xKHAKOcTH. ByfeM IIpi 3TOM MOsb30BaTbCH pesybTaTaMu paco- 
te! (°). Mcxogupie ypaBHeHHA NOrpaHuvyHOrO COA SallHileM B Bue 


| 
| 
eo ee eS aa: 
| p (uw ox 1° ae dx * Oy (1 ay) Sits st 
felt) IGE rt 0 o0\. 0 (pt) O(pv) __ 
p (ud +05) = 52% (HG) caine: 


Byecb Jn Mpocrotsl ypaBHeHHe 2Hepruu 3allMcaHoO MoKa B Mpocteiiem Buse 
es yueTa ~xkoyseBol puccunanuM uM AA uncen Pr, ONM3KHX K E]MHHIE. 
(Kpome toro, kak u B (°), 0=7T+u?/2Ecp, p/po=T/T) (7. — Temmepa- 
Typa nomHoro TopMoxenns). IlofoOHO ToMy, KaK 3TO CfleJaHO B (*), BBeeM 
/HOBbIe TepeMeHHbie, aHaylorvuHbie MepemenHpiM JLopoyHuupiHa: 
x y 
agg Wresyal WEA xe 
Sil at) Adtammls Sih oeue a 
0 
3yecb r N0Ka DponsBouIbHO. OnpezenuM telepb HoByio dyHkuuio U (x) pa- 
24k k— : 
BeHCTBOM — = Lees (- } | AS RDM Jatt ts er eRT». Sra yHKIHs, Bood- 
fle TOBOpsA, OTMHUHAa OT cKOpocTH U, BHEe CJION. 
 Jlanee o6o3Hauum V = u(p,/p)'dX /0x +0(py/p)'—T)/T “ BBenem 6es- 
pasMepHble TepeMeHHbIe, OTHOCH, Kak M B_ paote (°), CKOpOCTH u H Uk 
U,, a Oespa3mepHy!o TemMilepaTypy onpefean Kak 6/T,—1. Bpeyem 
TakxKe Gespa3sMepHylO TpOBOAMMOCTb HM HallpsxKeHHOCTb MarHHTHOrO MOJIA. 
Kpome toro, Kak HM B (!), TpHMeM, YTO Mp OOJIbINMX CBEPX3BYKOBbIXx 
(CKOPOCTAX JBHXKCHHA Tea (H JU3BYKOBbIX CKOPOCTAX B NOrpaHHtHOM coe) 
pe /p =9/T >. Tocne storo cuctema (10) mpupenerca kK cueqyromlen: 


Ou Ou UU’ fe Chi 
pe plate Crear!) ea am army oY? 
| —Fuep+ya—uyrs (12) 
Bou ov a0 ap nus 1 88. Ref) 
er a a OU pr gyi OS ET 
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re BCe BeMUMHbI Cespa3MepHbI, a 8—Tenepb yxe Oe3spa3sMepHan Temmepa- fj 
typa *. [paHw4qHble ycnoBHA B TepeMeHHbIxX X, Y MOXHO 3aNHCaTb paBeH- | 
cTBaMH (2), a ABTOMOJI@JIbHbIe PelIeHHA pa3sbICKHBaTb C HOMOb:0 COOTHO- | 
1ueHHH (3). 

MoxKHO Ml0Ka3aTb, STO ABTOMOJeJIbHbIe pelleHHA MOryT ObITb MOMyGeHHI 
M60 Mp NOCTOAHHOH TemMuepatype cTreHKU (t= const), mHO0 MpH nNocToAH- 
HOH cKopoctu U (ciyyaH nulacTuHbl). B mepBom cuyyae (t = const) Aa aBTo- |} 
MOJ@IbHOCTH HeOOXOLHMO, 4TOOLI, KaK H B (°), | 

2 Ui \ ae 1G Aye 

(l—U)(1- Fe) =F (1-9) =5: (13) 

BolOupad Tenepb r Tak, uToOnl 6 —1=1/8, wu uckmouand u3 paBenctTsB (13) 

K, HalifeM, 4TO pelleHHAMM NOyyeHHOrO AnpphepenuvanbHoro ypaBHeHHaA 

nia U(X) saBasiorca yHKUMH, 3afaHHble paBeHcTBamu (6), rae BMecTO x 
cnenyeT nucaTb X. Mckomasa cucTeMa ypaBHeHHii pv 2TOM TIpMMeT BUA 


a“ w , , 4 =z uv , | . 
p”+o9"= B(p’? — 1 —tg) + Se’ (1+ tg) {m  eTeNSe ; g”+Preg’=0 (14) | 
B 3TOM ciydae, O]HaKO, BbIparsKeHHe AIA MarHATHOTo TapamMeTpa ¢ cmoxkHee: 

B2 i 
C= 2 (I UPS Bo {U' (A UE, (15) 
; | 


Ec 2Ke, B COOTBETCTBHH C YKa3aHHbIM BbIIe TMpesMmouoKeHHeM padoTEl 
(1), IpHHATb, 4YTO Oespa3sMepHas cCKOpocTb U yyosmeTBopseT ycnoBuio U?< 1] | 
(B pasMepHom sue (U/U,)?<1), ro us (15) nonyuum, uro By~ VU’. | 
MnbiMu COBaMH, 3aKOH, cBsx3bIBaIOWWH By, c U’, omwH MM TOT *e ANA f 
ra3a HW JIA HeCKHMaeMOH 2%KUDKOCTH. [panuuHbIMA ycsoBuaAMu cucTempr (14) 
ABJIAIOTCA ycoBHA (9). Beuunna nocTosHHOH C vu cBa3b Mexay U, u U 6ynytT | 
TaKMMH Ke WH YCTAHAaBJIMBalOTCA TaK %Ke, KaK H JA HeCKAMAeCMOM 2KAAKOCTH. | 

Anajlorn4uHo TpebllyileMy MoxKHO paccCMOTpeTb HM BTOPOM BO3MOXKHBIM CJy- 
Ya MOJYYeHHA ABTOMOJCJIbHDIX pelleHHH — ciyuai nuactuHpt (U = const). 
Vckomble pelieHHsl, KaK HM JIA HeCKMMaeMOH XKMAKOCTH, MOMyuaroTca AA | 
MPOH3BOJIbHOrO CTeMeHHOTO pacnpeyeseHHA TemMiepaTypbl cTeHKH t(X). Kpome 
TOTO, Nouarad ofHOBpemMeHHo U = const uw t=const, MOKHO MNOYy4UTD | 
aBTOMOJeJIbHbIe PelieHHA MH TOra, Kora B ypaBHeHHH SHEPruH YUUTbIBAeTCA 

Cae Ou 

Pr) oy (za, 35 

3Sameuaune. Pasymeerca, aBTOMOMebHbIC PeWICHHA MOXKHO MOYyUUT | 
¥ Tp sm1000M Apyrom BblOope napametpa 7 B 3aMeHe mepemeHunIx (11). OqHaKo 
Np Wpyrom BblOope r pewieHuem cuctemp! (13) yxe 6yayT He dyHKuun (6), a | 
HEKOTOpble Apyrve, KOTOpble HeTPpy4HO HaliTu. Buy dynKkunn U(X), Ratouux 
aBTOMOJCJIbHbIe PeICHHA, SABHCHT OT 3aMeHbI MepemMeHHbIX (11), T. e. oT BLIGOpa 
nmapametpa r. Ecim Bo3BpaTHTbCA K HCXOJHBIM MePpeMeHHbIM x, Y, TO TOJIy4HM | 
oWHH H Te xe U(x) np sio60m 7. Buy ypaBHenuit (14) TakxKe He 3aBUCHT OT Fr. 


IKoOyJeBa JMCCHNAaLMA UH JONOJHUTeIDHBIM ueH (1 — 


UuctutyT rtenmiosHepreruku Tlocrynuso 
Axajemuu HayK YCCP 1 VI 1960 
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* 
Ormerum, uro B pa6ore (*) B ypaBHeHuu, aNaorm4noM MlepBOMY YypaBHeHHlO cH- 
crembt (12), BMecro MHoxkuTena § + 1 —u? ommmOouHo 3anucaHo § — u?. CoorsercrByioikyio | 
NOompaBKy CwelyeT BHECTH M B OKOHUATebHBIA BUA ypaBHeHu paOorni (°). 
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Tokrsagp Akayemun nayrx CCCP 
1961. Tom 136, Ni 5 


ACT POHOMH #1 


r. A. PYP3AAH 


BO3MO)KHOCTb HABJIOMEHHSA FASOBbIX TYMAHHOCTEM 
B JIMHHHW JIAMMAH AJIB®A 


(Tpedcmaeaeno axademuxom B.. A. AmO6apuymanom 19 IX 1960) 


BueatmochepHble HaOOJeHHA TWwlaHeTapHbIxX HW Audpy3HbIxX TyMaHHocteli, 
TOPAYHX 3Be3 C Fas0BbIMH OOONOUKAMH, HeKOTOPbIX THMOB rawaKTHK MH Jp 
B YacTOTe MepBOH JIMHHH JilaHMaHOBCKOM cepuHu Bofopofa (L_) Cc NOMOILbIO 
CIYTHHKOB H BBICOTHBIX pakeT T1pefcTaBAIOT OCOObIN MHTepec; TakHve Ha- 
OMOMCHHA MOFYT Pa3pellMTb PAN BaxKHbIX MpOOMeM, CBA3AHHBIX C MpHponor 
ykasaHHbIx OObeKTOB. OjHako MpakTMyecKkad HeMpOspayHOCcTh MexK3Be3LHO! 
cpefbl Ha JviMHe BoHEI A 1216A, o6ycnOBNeHHaA TOrOMleHHeM Me?K3Ee3]- 
HOrO HelTpasIbHOrO BOfopofa, KaK OYyATO CTaBUT MO, COMHeHHE BO3MOxXx- 


HOCTh HaOsiofeHua Boodle KaKHX-HHOyb OObeKTOB B L,-JIHHUM JlaxKe Ha 


OmM3KuX K ComHiy paccTosHunx. B caMoM lee, cormacHO JaHHbIM HaGwI0- 
ZeHuH Hajl MOHOXpOMaTHYeCKHM paHON3syyeHHeM Ha JWIMHe BOJHbI 21 cM, 


“CpeAHAA KOHICHTpalna HeHTpaJIbHOro M@*K3BeE3HHOrO BOMOPOMa NOPATKa 


n~1cm?. IIpuHas Takxe ja KOXpPPHUWeHTa CeJIeKTHBHOrO MOrsouleHHA 
B La-NMHMM, pacCUMTaHHOTO Ha OJMH HeliTpapHbIN BOJOPOMHbIM aTOM, 3Ha- 
gene Sg = 10 '* cm?, cooTBeTcTBylollee TemMlepaType MexK3Be3HOrO BOOpO- 
ja nmopsgka 100°, Hatimem, uTo yxe Ha paccrosHuu | mapceka oT Conia 
ONnTHYeCKaA TOJLa MExK3Be31HOH cpebl ft, (Oes yueTa MbIIeBOrO COCTAaBJIAIO- 
ulero) B yactote L,-u3nyyeHua OyneT NopszKa 10000! 

PaccmoTpHM mpexye Bcero BOMpoc O TOM, YTO MIpOHCXOAUT Cc MOrsoujeH- 


‘HbIMH L,-KBaHTaMH B J amaKTHKe. 


B ycnoBuax MexK3Be32HOK cpeqb! La-KBaHTbI He MOryT MpeBpalllaTbcsA B KBaH- 
Tbl JPyrHX JUCKpeTHbIX YaCTOT. OAHAaKO H3-3a OOJbIIOFO 3HAYeEHHA ONTHYeCKOM 
TomuM ¢) STOH cpembl B uacroTe WeHTpa L,-HHuM (MOpsqKa 10°— 10’ npn 
paccTosHuu TyMaHHOocTH oT Hac 100 —1V00 nic) 3HaudNTebHO NoBbIUIaeTCA 
BEPOATHOCTh ApobseHua L4-KBaHTOB (AByX(OTOHHOe U3JyYeHHe) Ip cJIeLyI0- 
WWMX mpoleccax: a) nepexonpr 2P-—>1S c ucnycKaHHeM JByX KBaHTOB; 
6) mepexoq 2S1,—1Sy, omaTb c uCNycKaHveM J[ByYX KBaHTOB, KOTOpOMYy 
mpemiuecrsyer mepexogq 1S1,— Py,,»,, COMmpoBoxkjaembld normoujennem L,- 
KBaHTa, MH 3aTeM nepexog 2Py, »,—> 2S1,, BbISbIBAeMbIM YUPyrHM CTOJIKHOBe- 
HveM. BeposTHocTb npesppalienua L,-KBaHTa B [Ba KBaHTa B IepBOM CJly- 
yae Oblia onpefenena A. A. Kunnepom u B. M. Taiirom; ona He 3aBHCHT 
oT cbuswyeckux ycnoBuh cpezbl u mopayka 10°“ Ha ogMH akT paccenuna (?). 
Bo BTOpoM cnyyae 9Ta BePOATHOCTb, Kak NoKa3aiH Cnuuep u I puncreiin, 
3aBUCHT OT 3JICKTPOHHOM KOHIeHTpallun cpefbl u nmopsyKa 107° B MmaHe- 
TapHbIX TyMaHHOocTAx (ne~10* cm?) u 107%? B MexksBesqHOH cpeye 
(ne~ 10°? cm?) onaTb-TakKH Ha OJMH akT paccesHua (7). Orcioga cuenyer, 
Mex]ly fpOuHM, 4TO B YCNOBHAX MeK3Be34HOTO HeHTpPasbHOro BOoposa 
Oonee sccbeKTHBHbIM ABJISeTCA MepBbIt H3 yKa3aHHbIX MeXaHH3MOB ApoOue- 
Hua L,-KBanTos. [Ip ¢t,~10% BeposiTHocTh poOeHHA (yHHYTORKeHHA) 
Lo-KBaHTa B 3TOM CJlydae CTaHOBHTCA MopsKa eCMHHIbI (MOHOe YHCO 


‘paccesHui MpuOIM3uTeNbHO paBHO KBapaTy ONTHYeCKOM TOMULH). 
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Onako ecTb OfHa MpH4HHa, KOTOpas, BooGHIe roBops, MOwKHa cBecTH 
Ha HET BO3MOXKHOCTb JlaxKe YaCTHYHOrO NpeBpawlenua L_-KBaHTOB B KBaHTbI 
HelpepbIBHOrO cnekTpa. Peuwb uyer Oo mormomeHuH Ly-KBaHTOB CO CTOpOHbI 
Me@XK3Be3(HOH Mbiviesoli MaTepuu. Jleno B TOM, 4TO Mp Tex 3HayeHuAX fp, 
KOTOPble MMCIOTCH B YCJIOBHAX MeK3BE3THOH Cpefbl, MPOROMKUTeEIBHOCTb 
mpeObipaHua (Anddpysun) L.-KBaHTOB B STOH cpese OyyeT O4eHb BemHKa, 
BCJIeECTBHe YeroO OHH paHO HH NO3qHO OyAYT NOrsoOWeHb! KOCMHYeCKHMH 
NIbIJICBBIMH YacTHILaMH. 

Onpegenum cnepBa cpeqHioio NpoxommKuTeNbHOCTh T npeOprBanua L,-KBaH- 
Ta BHYTpH ciepbl pafuyca fr, 3alOJHeEHHOM HeliTpasbHbIMM BOJOPOJHBIME 
aTomMamMu. VMmeem (°) 

2 
3th 3 8, 2, 


20S ae 2 ars 


rye NolcTaBseHo tf, = nsgr. U3 storo cooTHomeHus Halifzem mph n=1 cm ®, 
Sq 104 cm? nw r=100 nc Ta5-101* cex: 109 ner. Dro no Kpalinen 
mepe Ha 3—4 nopsfka OosbWe NpOLOMKUTeENbHOCTH 2KU3HH CaMHX TYMaH- 
Hoctel. Orcioqa y2Ke MOXKHO CiewaTb NepBbIli BLIBOZ: OT NaHHO TYMAaH- 
HOCTH OMHOBPe€MeCHHO K HaOMIOMATe AW He MOKEeT QOHTH Kak 
npxAMOH, TAK MW Auhddy3uE kh KomMnoHenT L,-usnyuenun. 

Sa sBpema 10° ger KBaHT DpoxoquT sursaroc6pa3uHbiit NyTb B OOmlen 
COXHKHOCTH OKOMO 10°’ cm usu 108 ne (!). TocratroyHo nosTomy camoro  He- 
3HAUMTebHOrO KOJIMYCCTBA MeK3Be3HOH TIbIIH B paccCMaTpHBaeMOM OG6beMe 
TanakTHkKu, YTOObI NpOHsoUIO NomHOe NorsoneHHe L,-KBaHTOB elle 3aqomro 
mo Toro, KaK WCTeKaeT yKa3aHHOe Bpema. 

KoHeuHO, M@XK3Be31HA MbWb MOXKET BHISHIBaTh TakxKe paccesuue L,-KBaH- 
ToB. Ho u3BecTHO, YTO JIA MaJbIX “ACTH, (KAKHMM ABJSAIOTCH YACTHILI MexK- 
3BE3QHOH TbIJIH) KOSPUIMEHT HOrJOWeHHA 3HAaUUTeJIbHO IIp€BOCXOAHT KO9S(p- 
(ulveHTE paccesuus (*). TosbKO B OHOM cHy4ae, Kora MbWIeBag cpeya co- 
CTONT HCKJIIOUNTeIbHO M3 eppOMarHHTHBIX YACTHIL (T. €. YACTHIL C OYeHb BHI- 
COKHM SHANe€HHEM JHSJIEKTPpHYeCKOH MOCTOAHHOK), Audbdby3sua L,-KBaHTOB u3 
JaHHOW CpeXbl MOXAKET DPOUCXOAUTh 6e3 NornoweHHA KBaHTOB. OmnaKo Gosee 
WJM MeHee OOWIMpHble nbieBLIe OOacTu B TanaKTHKe, cocTosmHe 3 cbep po- 
MarHUTHBIX YaCTHI, MO-BHJMMOMY, He CyulecTBy10oT. Bo BcxKOM Csyy4ae, HaM He- 
MSBECTHI OTpakaicliine Ludpy3hble TyYMaHHOCTH, COCTOAILMe TOMbKO u3 ceppo- 
MaPHKTHBIX YaCTHW,; B NPOTHBHOM CJly4ae MbI JIOJOKHbI Onn Obl HaOsIOLaTb 
O4CHb BbICOKY!O CTeN€Hb NOJAPHSalMM CBeETa OT 3THX TYMAHHOCTeH, YTO HE 
HMeeT MECTA. 

MoxkHo Bce-TakH OxKHLaTb CymecTBOBaHHA BanakTHKe OTIebHBIX BOLOpos- 
HbIX OOJAKOB JHAMETPOM B HECKOMbKO JIeCATKOB mlapcek, «He3arpA3HeHHBIX» 
Mbiib¥o. B Takux o6nakax pnddy3un Ly-KBaHTOB B CaMOM Weyle MOKeT 3aBep- 
IIHTbCA APOOMCHHEM TaKOTO KBaHTA Ha Ba, B pesyuIbTaTe Yero OOMaKO CTaHO- 
BUTCA HCTOUHUKOM HET Pe pPpBBHOTO H3syYeHHA, NOMHAA SHEPruA KOTO- 
poro OJKHa ObITh paBHa SHeEPrMH NepBoHayanbHOrO noTOKa Lo-KBaHTOB. 
OHakO STO MOXKET UMeTb MECTO B OTICbHBIX oObemax, HO He B OGIeM mone 
TanakTuku, re, Kak W3BeCTHO, MOrsomlaioulee BeLLeCTBO npucytcrByeT. Bax- 
HO, 4TO B OCHIeEM cayuae Auddysusa Le-KBaHTOB B TanaKtuKe He MOKeT TIpo- 
MSOHTH 6€3 UX NOFOMeHHA MeEXK3BE3LHLIMH MbWICBBIMH UaCTHILaMH. 

TakuM  oO6pasom, CKOJIbKO-HHOYJb NposomKUTeMbHOe npedpipanne 
La-KBaHTOB B M@2K3Be3QHOH cpele c Hen36exKHOCTHIO OJKHO TIpHBeCTH K HX 
BbIMHpaHHto. Ortcioqa mpHxXoquM kK CIeAyIOUeMy BarXXHOMY 3aKJIOUeCHHIO: 
AuMPy3suph KOMNOHEHT La-usnyuenua (La-dou) B Tanax- 
THKE NpakTHYeCKH AONKEH OTCYTCTBOBaTb. [locnegcraun, 
BBITCKAIONMe U3 STOTO 3aKJIOUCHUA, HETPyAHO TpeyBuenTb. 

Tlockonpky L,-cbou B Tanaxruxe OTCYTCTBYeT, JOCTaTOUHO CaMoro He3Ha- 
IHTEABHOTO KOJMYECTBA TipAMOro Lg-M3yYeHHA OT paccMaTpHBaemoro OObeKTA, 
YTOGbI OH BbILWe Ha 3TOM «TeMHOM» cone (npu ero dororpatbupoBanun) 
BeCbMa KOHTpacTHO. Hekoroppit La-cboH MOET COsqaBaTb lipaMah KOMNOHeHTA 
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La-H3YYeHHA OObIUHbIX 3Be3Q, y KOTOPbIX 9TO M3syyeHHe HMeeT XPOMO- 
ccbepHoe mponcxoxwyenve. Herpygquo, oguHako, yOequTbca, TO BOSHUKUINI 
Takum OOpa3om L,-chon GyyeT B NepBoM mpHOmMxKeHUH (6e3 yyueTa MexK3Be3]1- 
HOrO NMOFJOWeHHA) BO CTONbKO pa3 cna6ee oOmero dona TanaxtuKn B vacTo- 
TaX BHAUMOFO CBeTa, BO CKOJIbKO pa3 NoTOK L,-H3nyyeHHA OT OObIUHDIX 
3Be3q, OyeT MeHbIWe HX MOTOKa B YacTOoTax BHAMMOrO cBeTa. Ilo WaHHbIM 
PakeTHbIX HaOsmoyeHul (°,°), wHTeHcuBHOcTB L,-u3syyueHuA, TocTyraromero 
or ConHua, nopazka 5 apr/cm?-cek, T. €. B HeCKOJIbKO COT TbICAY pas 
MeHbINe HHTCHCHBHOCTH M3iyueHua Conia B BHAMMOM cBeTe. YueT Mex- 
3Be3HOrO NMOrNOMeHHA elle OOMbUIe YBeNMYHT ykKa3aHHOe OTHOWeHHe JIA 
3Be3]. 

_ Tlonyumpuna wuHnu u3nysenua Lz, uciycKaemoii .TyMaHHOcTbiO, ompe- 
fensetca addextom Jlonnuepa, CBA3aHHBIM C TeMJOBbIMH JIBH2KCHHAMU T0- 
PUOULaIOULMX HM H3Jly4alOulHX aATOMOB B TYMAaHHOCTH pH Temmepatype 
T = 10000°; ona nopsgxa 0,05A. Tlonymupnna xe «HHH nornomenna, 
BbIS3BaHHOrO MeK3Be3JHbIM HEHTpPaJIbHbIM BOROPOJOM, ompeyesmnetca addekTom 
€CTECTBCHHOrO 3aTyXaHHA WM MOJIHBIM KOJIMYECTBOM BOJOPOJHbIX aTOMOB 
B cTojOe €AMHHYHOrO CeYeHHA MH BbICOTOH, paBHOM pacCCTOAHHIO TYMaHHOCTH 
mo wac. IIpu r= 100 nc, n=1 cm ® nonymmupuHa mHHMM TorsomeHua. Ha A 
1216 A nonyyaerca papnol npu6nusntenbHo 1A — ona BO mHOro pa3_ Mipe- 
BbilaeT NoywWupHHy L.-HHUM U3syYeHHA, a ONTHYeCKaA TOMA B WeHTpe 
L,-iMHHuM nopayka 10°. Tlostromy La-MHUA, MClycKaeMaa TyMaHHOCTbW, 
MOJIHOCTbIO OyJeT NOrMoWeHa MeXK3Be3THbIM BOJOPOFOM. OHaKO MOKHO 
HaJleATbCA, YTO MPH OcTaTOUHO OONbUIMX BeNHYMHAX JIyYYeBbIX CKOpocTeh 
TYMaHHOCTeH XOTA Obl HeEOOMbIWAA YaCTh U3NyYaeMOH TyMaHHOcTbIO L,-3HEp- 
THM BCe-TakH JowAeT WO HaOmogatenn. PacueT OfHOrTO MpHMepa NOKa3biBaer, 
4TO IIpM JyyeBOH CKOpOCcTH TyMaHHOCTH opsyKa 50 KM,cek u r= 100 nec 
qO HaOmofaTeiaA NOXOZNT oKoNO 1% U3snyyaemoH TyMaHHocTbHIO L,-39HeEprHn. 
Taxe Takoe He3HauvTembHOe Ha MepBblii Bara KONMUecTBO L,-9Heprun 
MOcTaTouHO AWA Toro, uTCObl TYMaHHOCTb CTasla BUAMMOH Ha (poTonsacTHH- 
Kax (B La-HHUM), NOTOMY 4TO, BO-MepBbIX, B 3TOM CyIy4ae APKOCTb TYMAaH- 
HOCTH OyjleT Bcero Ha 3,5 3Be3JIHOH BeNHUNHbI (a He 5) cmaGee ApKOCTH 
TyMaHHocTH B qdoTorpapuyecKHX sMyuaxX — YYHTbIBaA, 4YTO OCHOBHaA acTb 
(75%) w3qyuaemoH WeHTpasbHo 3Be3n0H L,-3HeprHH [peBpalilaeTca B 
Lo-d9HeprHuio, TOrMa KaK B BusUMbIe (cdboTorpadpuyeckue) smyyn TpaHcibopmu- 
pyetca MeHee 20% L,-3Heprun 3Be30bl. Bo-sToppix, Ly-cboH B Tanaktuke, 
KaK Mbl BHJeJIM BbIlle, MpakTMYeCKH OTCYTCTBYeT, BCJIeACTBHE Yero 3HauH- 
TeJIbHO (BepoxTHO fo 1U 3pe3qHbIxX BesMuHH!) YMeHbIUMTCH mMpeneibHas 
APKOCTb HeOeCHbIX COBEKTOB, KOTOPbIe elle MOMKHO OyfeT OOHapyXUTb Ha 
pororpaduax B Le-nyyax. 

Bonee 35% oOmero KoNHYeCTBa MaHeTAapHbIX TYMAaHHOCTeH, AIA KOTOPbIX 
A3BeECTHbI JIYYeBLIeE CKOPOCTH, HMeIOT CKOpocTb, Sosburyio 50 KM/cek. Kpome 
foro, 3aMeTHaA YaCTb WWaHeTapHbIX TYMAHHOCTeH HaXOJHTCA BHe CJIOA MexK- 
sBE3QHOrO HeHTpasibHOrO BOOpONa, MOMyTOMUMHAa KOTOpOrO OLeHHBaeTCA 
jopsaKka 100 ne (*). Tlostomy Bo3MoKHOCTb H3Y4eHHA XOTA Obl YaCTH Ma- 
HeTapHbIX TYMaHHOCTeH B L,-JHHMM, MO-BHAMMOMYy, He CylelyeT CU4HTAaTb 
‘OBeEPpWeHHO Oe3HaexKHOH. 

Tasopple O600uKH, BbIOpOWeHHblIe BO BPeMSH BCIIbILeK HOBbIX H CBepXx- 
HOBLIX 3Be32 (KpaOopuyHad TyMaHHocTb, N Tlepcesn 1901, N Opsa 1918, 
N Tepxysieca 1934 uw up.), Hom*KHBI ObITh XOPOIO HabsOJaembl B L_-MHMH; 
ONMepoBO cMelleHve, BbLI3BAHHOe HX PaClIMpeHHeM, B 3TOM CNyYae OyzeT 
fouTw ha 2 nopsyKa Oombule, yeM B CJyyae ManeTapHbIX TYMaHHOCTeH. 
Takxke xOpollo QOUKHbI ObITh HaOsofaemp! B Ly-HHHH Ta30Bble TyMaH- 
4HOCTH B Apyrux ranakTuKax. 

Ha6smofenus TyMaHHocTeli, ra30Bblx OGom0ueK 3Be3] A T. I. B L.-JIMHHK 
(O3BOJIAT CPpaBHHTeNbHO JIerKO MW flocTaTOUHO yCeAUTeJIbHO BbIABHTb HeKO- 
iOpble HX CTPyKTypHble OCCGeHHOCTH, KOTOpble BbICTyNalOT KpaiiHe cw1a60 
‘iM COBCeM He BHJHbI Ha CObIUHBIX CHHMKaX. OTO OTHOCHTCA B OCOOeHHOCTH 
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K nepniepuiinbiM OOmacraM TyMaHHOocTeH. B KayecTBe TaKHX 3ajJayY MO2%KHO 
yKa3aTb, HallpHMep, ycTaHOBJIeHHe BTOpbIX (BHEWHHX) Ta30BbIX OGo0UeK 
BOKPYF OCHOBHOH TYMAHHOCTH, BbIABJICHHe CJaObIX CIMpasbHbIX PYyKaBOB} 
u T. 0. M3-3a 6oubwIOH ONTHYeCKOH TOW TyMaHHocTH B L,-nHHuH (103—10*) 
ee oOulee H306paxKeHve JOJ2KHO UMCTb BUA MATHA paBHOMepHOM sApKOCTH; | 
Ha BbIABJIGHHe KAKMX-HHOYb CTPyKTYPHbIX OCOOeHHOCTeH B WeHTPasIbHbIX} 
yacTax u306paxkeHUA TyMaHHOcTH B L,-MHMM, MO-BHAMMOMYy, He CulenyeT} 
HaleaTbes. | 

B  HeKOTOpbIX cCmyyaax HaOsIOJeHHA MwlaHeTapHbIX TYMaHHOCTel B] 
La-AMHHH NO3BOJIAT OMpeweHTb BeMYHHY HX ONTHYeCKOM TOM B YacTOTAaX |) 
YAbTpapHOseTOBOTO H3/lyYeHHA (T-), ABJIAIOWeHCH OHM H3 BaxKHbIX Napa-| 
MeTpOB TYMaHHOCTeH. 4 

Oro KacaeTcA OCTAaJIbHbIX JIMHHH JlaiMaHOBCKOH cepHu Bogopona (La, L,| 


MpaKTHYeCKH Mpo3payHbl B YacTOTaX JIMHUMH STOM CepHH, T. e. AA KOTOpBIX)) 
t.~ 107%. J[na OoubLIMHCTBa IlaHeTapHbIxX HW Audpdpy3HbIxX TyMaHHOCTeH 9TO |) 
TpeOoBaHve, T0-BHAHMOMy, He BbINOJIHAeTCA, MH UX JaHMaHOBCKad cepHa| 
OylleT mpegzcTaBeHa B BHAe eXHHCTBeHHOH HHUuH L,. . 

Huaue oOcTouT jeno c HaOMOLeHHAMH 3Be3J, H TYMAHHOCTeH B YacTOTAaX ) 
L,-u3snyyenua (Kopoue A 912A). Ontuueckaa tTosma Mmex3Be3qHOrO BOJO-} 
powa B yacToTax L,-M3IlyueHHA Tak>Ke O4eHb BeHKa (Ha pacctosHuu 100 nc} 
OoHa ye nopayka 1000) u He 3aBMCHT OT KHHeMaTHYeCKOrTO COCTOAHUA 9TOH | 
cpegbl. [lostomy walMaHOBCKHH KOHTHHYYM BCeX THNOB TYMaHHocTel, fra3o- | 
BbIX OOO/OUeK 3Be31, a TaK2xKe HeNpepbIBHOe H3syseHHe BCeX TOPAUHX 3Be3z} 
B OOlacTH cnekTpa Kopoue A 912A B npHHunne He MoryT HaOm10aTECA. | 
3pe3quHoe He6o, Mueunblii NyTb AOJOKHbI BbIHTH Ha doTorpadpuax B yacToTax | 
L,-W3NyueHuA MpakTH4yecKH TeMHBIMH. | 

B o6sactu cnektpa qiunHee A 912A no A 15004 us06paxenua cpegue- |} 
TeMMepaTypHbIX HM XOJOLHbIX 3Be3, MOJDKHbI ObITb Kpaline ca6pimu. B mpo-} 
THBOMOJIOMKHOCTh STOMY FOpANHeE 3Be3Qbl B YKa3aHHOM HHTepBasie AMH BOJH} 
OJMKHbI BBIIAQeTh OVCHb ApKuMHU. Ilostomy, ‘pororpacbupysa HeOo B OG6sacTH | 
AIMH BoH AA 912— 1500 A, Mbt nonyaum npoctol u yOequTenbHbI cnocoé} 
OOHaPyXeHHA CKOMJCHHH TOPAYHX 3Be3q HW 3Be3QHbIX accomMauuit. 


BiopakancKad actpodusnueckan o6cepBaTopHa Tloerynusto 
AkajemuH HaykK ApmCCP 16 IX 1960 
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Loruage Akagqemunu nayx CCCP 
1961. Tom 136, Ne 5 


PH3SHKA 


JI. M. BAPKOB u J. M. CAMOHMJIOBUY 


NPOABJIEHHE AMEPHbIX IMYJIbBCHA 
(Tpedcmasaexno axademuxom A. II. Aanexcandposoim 2 1X 1960) 


Tp 2AMTebHOM MpOABIIeHHH AJepHBIX SMYyMBCHH HaGmOMaeTcA HacbIitleHHe 
B MIOTHOCTH 3epeH Ha CJleqaX PeJIATHBHCTCKHX acTH. IIpu stom, HapsaALy 
< OObIMHOH ByasbIO, NOABsIAeTCH H OYeHb ObICTPO HapactaeT 0 OObeMYy 2MYsJIb- 
CHU ByaJib, COCTOAMAA H3 OYeHb MeJIKHX 3epeH. IIpeactaBaaeT uHTepec pac- 
MOTPeHHe MPHPOAbl MeJKO3ZePHUCTOH Byasu, ObicTpoe HapacTaHHve KOTOpOi: 
JIMMUTUpyeT Mpouecc MposBJeHHaA. 

Han6omee ecTecTBeHHBIM Ka@KETCA MIpeqnomoKeHHe, UTO MOABJeHHe MesKO- 
B3ePHHCTOH BYaJIH eCCTb Haya/lO NPOABJCHHA OCHOBHOM MaCCbI HeHOHU3HpOBaH- 
HbIX MHKPOKPHCTAaJIJIOB SMYJIbCHH. Tak KaK IeHTPbI MpOABeHUA B HEHOHH3HPO- 
BaHHbIX MHKPOKPUCTaJIax MaJIbl, TO IIpOABJeHHe KaxKMOrO Takoro KpuCcTasva 
HayHHaeTcA Yepe3 TIUTebHbIM MpOMexKyTOK BpeMeHH MocIe Hayala MpoAaB- 
JI€HN HOHMSMPOBaHHBIX MHKPOKpHcTa0B. B HeHOHH3HPOBaHHBIX MMKPOKpH- 
cTalaX Mpolecc MpOABJeHHA HeT OYCHb MeVICHHO, H MpPOABJeHHbIe 3epHa 
cepeOpa B Hayase mpouecca eme MaubI. Ecuiw Takoe MpesmomoxKenne NpaBHJbHO, 
TO Pa3MePbl MPOABJICHHbIX 3ePeCH MeJIKOSEPHHCTOH BYyaIM JOUKHbI yBeJMUH- 
BaTbcd B Mpolecce MPOABJICHHA JO pasmMepoOB 3epeH B cyleqax. 

J\1A MpoBepku STOFO NpedMooOx*KeHUA Obl MOCTABJIECHbI C/IeLYIOULe OTBITEI. 
Omyspcun P 3apofla TexHW4eCKHX MACTHHOK ObIIM MOJIMTbI Ha CTEKAHHYIO MO- 
JIOXKKY B Bue O4eHb TOHKHX C0eB. HeoOy4eHHble COM MPOABJIANHCh AMULOJIO- 
BbIM MPOABHTeIeM OObINHOrO CocTaBa B Te4yeHHe pa3sIM4HOTO Bpemenu. JIns 
Pa3JIMUHbIX BPeMeH MPOABJICHHA MOJIy4eHbI Cwleqyloulwe cpeqHHe pa3Meppl 
3epeH: 


BpeMaA MIposvBJ. B 4dac. 0,25 1,0 21,0 40,0 


Cpequ - AHAMeTPbI 3epeH 


OOBIUH. BYAIH B UL 0,5 0,55 0,55—0,6 0,59—0,6 


CpeqH. qHuamMeTppr 3epeH : ; 
MCJIKOSCPHHCT. BYaJIH B UL 0,1—0,12 0,15—0,20 0,4—0,45 0), 0—0,5o 


OTH OMBITEI MOKA3bIBaIOT, YTO HEHOHH3HPOBaHHble MUKPOKPHCTAaJJIbI IMyA_CHH 
TIPOABMAIOTCA, H UX YHCO H Pa3MepbI BO3PACTAIOT CO BPeMeHH MpPOABJeHHA *. 

PaccMoTpuM, KakWe MpH4HHbI MOryT MPpMBOLUTb K OOpas0BaHUIO MesKO3ep- 
HHMCTOH BYaJIM MPH WIUTebHOM TpoaABseHHH. EcJiM MpeANOOKUTb, 4TO B HeO6- 
JTYYCHHBIX MHKPOKPHCTaJllaxX B CpeHeM B KaxKIOM IeHTPpe UYBCTBHTeJIbHOCTH 
HaXOJHTCA HECKOJIbKO ATOMOB cepeOpa, To, OsaroqapaA cTaTHcTHYeCKUM (pJlyK- 
‘TyallMAM, B PAC MHKPOKPHCTAaJVIOB WeHTPbl OyyT MOCTATOYHO BeJIMKH MIA 
TOrO, YTOOKI CYKUTb WeHTpamu MposBAeHuA. Uncio TaKHX WeHTPOB OyeT 3a- 
BHCeTb OT MOpora MpOABJeHHA MPH 3aaHHbIX yCIOBHAX. JA uuOCTpalun 
9TOrO yTBepxKJeHusA Ha puc. | mpuBemeHo pacmpenesenne Ilyaccona yucia aTo- 
MOB cepeOpa B WeHTpaxX U4YBCTBHTeJIbDHOCTH MHKPOKPHCTaJJIOB TIpH cpeqHem 

| 


* 3yecb H B JaJbHelimeM MbI He paCCMaTpHBaeM OObIMHOH BYaIH, KOTOPad NOABHJAaCb Ha 
(M€pBbIX CTaqHAX MpOABIeHHA H KOTOPad CBxA3aHa C HaJIMYHeEM B 9MYJIbCHH HEKOTOPOrO 4MCIa 
(MHKPOKPHCTaJJIOB, HMeIOWHX ele Jo oOOyYeHHA AOCTaTOUHO Oo/IbUIMe WeHTPbI MposBIeHHA. 
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yucue 2 aToMa Ha WeHTp. W(v) ecTb BepOATHOCTh HM€Tb V aTOMOB cepeopa 
B WeHTpe WYBCTBHTeJIbHOCTH 


Wivy=he® (h=2). 


Ha Tom %e pHCyHKe NIpHBeyeHa 3aBMCHMOCTb YMCA MMKPOKPHCTaMJOB | 
j(v), MMEIOUWMX MWeHTPbI UYECTBHTebHOCTH C YMCIOM aTOMOB, OOJbIIMM HIM | 


paBHBIM V, Haxozsmuxcs B oObeme 200 uw? smyspcun: f(v) = 4.104 p W (v'). 4 


v=v 

Kak BHHO 43 pucyHka, W(v) OpicTpo yObIBaeT C POCTOM V, H BepOATHOCTH ” 
WIA OTUCNbHOTO KPHCTaa UMeTb WeHTP MPOABMeHUA C UMCOM AaTOMOB, Odsb- | 
UHM HJIM paBHbIM, Hampumep 10, oveHb Masa. On-— 
HaKO BCJIeICTBHe TOTO, YTO OOMIee YHCJIG MHKPOKPHC- | 
TaJOB 10 OObeMy SMYJIbCuM BesmnKo (B 200 pw? sMyab- | 
cu cofep2KuTcs OKosO 8000 MHKpoKpHCTaJJIOB), TOB 
200 u3 B STOM cyly4ae yxKe ColepxKUTcH 2 MHKPOKpHc- 
Talia C TaKHM YHCIOM aTOMOB. Sylecb mpesnosia- 
raeTcd, YTO KaxKIbIi MHKPOKPUCTAaJ MMeeT BCpeHeM | 
5 I€HTPOB UYBCTBUTeJIbHOCTH Ha MoBpepxHocTH. LleHTp — 
YYBCTBHTeJIbHOCTH c 10 aromamu cepeOpa yxe, NO-BH- 
JIMMOMY, MOXKET CuLy2KUTb WeHTpoM NposBenua. IIpw } 
mepexone K V, paBHOMy 9, YHCIO MHKPOKPHCTaJOB, } 

SnasMee Gs TCI CNOCOOHEIX K IIpOABJIeHHIO, YBeJIMUMBaeTCA BO pas. | 

y— OTH paccyKLeHuA BNOJHE MPHMeHHMBI MW MpH yc- 
Bae At JOBHH J060rO UNCa WeEHTPOB UYBCTBUTeJIbHOCTH Ha 
TIOBEPXHOCTH MHKPOKPHCTAaJJIOB. 

Takum oOpa3o0M, IpHBeeHHble Tpa*uKH NOKasbIBalOT, YTO eCJIM JOCTHIHYT | 
NOpor MpOABJeHHA, COOTBETCTBYIOWIMH Hayaly MPOABJIEHHA OCHOBHOM Macchi | 
MHKPOKPHCTAJJIOB, YHCO NPOABJEHHLIX 3epeH GyeT BospacTaTb HeoOnryalino | 
ObICTpO NO Mepe AaJbHeHIWero MpPOABJIEHHA. 

ConocTaBIAA SKCHePpHMeHTaJbHble HaOJIOLeHUA C pacueTHbIMH rpacuKamhH, | 
MOXKHO CUHTATb, ITO MOABJICHHE MeJIKO3CPHUCTOH BYyaJIM MPM AMUTebHOM Mpo- 
ABJICHHM €CTb HavaJIO MPOABJICHHA OCHOBHOM MaCCbI HEMOHH3SHPOBaHHbIX MHKPO- 
KPHCTaJJIOB IMYJIbCHH. | 

PaccMOTpHM BOMpoc O BepOATHOCTHOM pacripefeseHuH aTOMOB cepeOpa — 
B WeHTPpaxX MPOABJIEHHA MMKPOKPHCTaJJIOB, HOHH3HPOBaHHBIX JeHCTBHeM IIpo- | 
lene uepes HUX peATHBUCTCKOM uacTuUbl. M3 usBecTHoro daxta (*), 4TO 
IWIOTHOCTb 3epeH g Ha Culese JIMHeHHO 3aBMCHT OT HOHH3aHH J B OONAaCTH Npen- | 
PCJIATHBHCTCKOM MOHU3aILMH, MOXHO MOJIYYHTb, YTO BepOATHOCTb Gv) MMeTb ff 
HOBEPXHOCTHBI€ WeHTPbI C YHCOM AaTOMOB V TponopmMonanpHa 1/v*. [leficr- | 
BHTEJIbHO: 


Yo Vo Vol off Vol off 


g=\ewdv=P\ y(C)av= | ywdu=gw| =e(%"), cy] 


8 
8 


re Vy — YHCIIO ATOMOB B WeHTpe MIpOABJIeEHHA, COOTBETCTBYIOUee TpaHHlle Npo- — 
ABJIeHHA; I, — HOHHSALLMA, COOTBETCTBYIOWAA MpOXOKJEHHIO PeATHBUCTCKOH | 
yacTHIbl; b (v) — pacnpeyeseHve BepOsTHOCTH UMeTb MOBepXHOCTHbIe WeHTpb! | 
C YHCJIOM ATOMOB V JIA PeJIATHBHCTCKOH YaCTHUBI. | 

Ilpu BbrBogze chopmMyb clemaHO ecTecTBeHHOe MpesMoowKeHHe, YTO MPH H3- | 
MCHeHHH HOHW3alMN (OPMa KPHBOM pacipeyeJeHHA ATOMOB Ta xe, YTO HM B CJy- 
Yae HOHM3ALWM PeJIATHBUCTCKOM YacTHLel, HO B KaxKOM WeHTpe UYBCTBUTeJb- | 
HOCTH 4HCJIO aTOMOB CcepeOpa MeHAeTCA MpOMOpuUMOHaNbHO noHMsalHH. Muo- | 
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OO Yigg, wt 


co 


wuTemb J,/J B (1) nosBAaeTCA M3. YCNOBHA HOPMHPOBKH \7¥ (2) dv 


h 0 
Ha 3aaHHOe YHCJIO MOBepXHOCTHBIX WeHTPOB. TlockoubKy IJIOTHOCTh 3epeH § 


MponopunoHanbHa MoHHsaluu J B AOBOIbHO WIMPOKUX Mpefedax, TO g~l/u, 
a sp(v) JOuKHO ObITbh NponopunoHambHo |/v*, H BeEpOATHOCTb HMETb IeHTP Mpo- 
ABJICHUA C YMCIOM aTOMOB GoubIe V pH STOM OyJeT NponopuHonatbya 1/v. 

Uto6bl cormacoBaTb (bakT cia6oH 3aBHCHMOCTH MVJIOTHOCTH 3epeH B cyuleqe 
PCJATUBUCTCKOH YACTHILbI OT BPeMeHH MPOABMeHHA MPH MpOMOJMKUTebHOM MIpo- 
SABJICHHH TPH OHOBPeMeHHOM CHJIbHOM pocTe ByaJIH HEOOXOAMMO IIpeAMONOAKUTD, 
‘qro Av, COOTBeETCTBYIOINIee pesKOMY YBeJIMYeHHIO ByaJIH, OJKHO MIPHBOXMTb 
K MaJIOMY H3MeHeHMIO TJIOTHOCTH 3epeH B cuiege, T. e€. Av/Vo QOJDKHO ObITb 
mHOoro MeHbue 1. 


1 
= a 
5S 
Ss 
Sy 
SS 6 
D4 6 8 10 12 16 16 18 20 CMS ARTI 220 22). 1I0, Bro Aa 165 
vp 
Pue. 2 je, 3} 


Ha puc. 2 npuBesena KpuBas 3aBucumocTu /(v) H KpuHBasx const/v. V3 pac- 
‘CMOTPeHUA KPHBbIX BUHO, YTO npH v, = 10 u Av = 1, coorBeTcTBytolllem pes3- 
KOMY BOSpacTaHHIO ByasM, HepaBeHcTBO Av/v><1 xopollio BHINOAHAeTCH. 

B 3TOM Calyyae, elicTBHTeIbHO, B Mpesesax OWIMO0K H3MepeHHH He MOsKeH 
HaGOLAaThCA IPHPOCT MIOTHOCTH 3epeH B CJleqaxX PeMATMBUCTCKUX U4aCTHIL. 

Bo3uukaeT BOMpOC, ABIAeTCA JIM Pa3yMHBIM BbIOPaHHbI MapaMeTp Vo = 


= 10 4 MoxHO aM NOyUMTh HyxKHOe pacmpeseseHve BepoATHOCTH %p(v)~1/v? 
‘€ TOUKH 3peHHA MPOWeccoB HOHUSALLHH, CO3aBaeMOl PeEMATHBUCTCKON YacTHIeH. 
| Ecam IpHHATb, YTO NoTepsA SHeEpruM YacTHLeH mpu npoxoxpenuu | r/cm? 
“Opomuctoro cepe6pa pasua 1,4 Msp (7), a Ha OOpasoBanue | 3leKTpOHa saTpa- 
quBaetca 7,5 9B, TO B CpeqHeM B MUKPOKPHCTade ROIHMKaeT OKOIO 24 dmeK- 
TPOHOB, 4TO COOTBETCTBYeT TIpOXOKLeHMIO yacTuIel °/; TMaMeTpa MUKPOKpH- 
‘¢Tasima pw cpequem jzMametpe 0,305 p *. Ha puc. 3a npuBemeno pacnpernese- 
Hue Ilyaccona, yauTHIBarolllee cTaTUCTHYeCKHe (PyKTYAaUMA YHCIa CO3aBaeMbIX 
5.eCKTPOHOB MH OTHOCHIMeecA K Cy4alo MpOxXoKJeHUA PeATHBUCTCKOM 4aCTH- 
wei ?/, MameTpa MUKpoKpucTassa. II]pu yyeTe HEOMMHAKOBOCTH pa3MepOB MUKPo- 
KPHCTaIJIOB M pa3HHUbl B HHax mpoOera YacTHIL B MUKPOKPHCTamax 
WanHoro jMaMeTpa nosyuaeTcaA 3HayHTebHOe yuwHpeHve KpuBol. Ha puc. 36 
TIpuBeweHo paciipesemenne, YUNTLIBalOllee TaBHbI takTOp — pasHble JVIMHbI 
mpo6era vacTull B KpHcTamiax. OueBHIHO, YTO MpekMoNoweHve O HAMM O]- 
HOroO IleHTpa YYBCTBHTeJIbHOCTH B MHKPOKPHCTaJJe MpHBOANT K pacripeslese- 
HHIO, COOTBeETCTBYIOILemMy KpuBoH 6. Takoe pacmpefeleHHe pe3KO He COOTBeT- 
‘eTByeT 3aKoOHy 1p(v)~1/v?. 


* Tak KaK BePOATHOCTb CTOJIKHOBEHUA aCTHILbl C MHKPOKPHCTaJIoM AMameTpa d IIpo- 
‘opuMoHalbua d? F (d), rye F (d) — pacmpegetenHe MHKPOKPHCTasJoB No WHameTpy, To TIpH 
iepequem AHametpe 0,28 4 HaHGo/lee BepOATHLIM MPH CTOMKHOBEHHM OKa3EIBaeTcCA d = 0,305 pw. 
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TIpeqnos0x%xKUM, YTO B Kax%KOM MHKPOKPHCTaJ Ie HM€eTCA HECKOJIbKO JOBy- 
WeK, YAaCTb H3 KOTOPbIX Pacnoso*wKeHa Ha MoBepxHocTH. HaxnOouiee schdbexTus- 
HbIMH H3 HAX B 3TOM CJIyuae ABJIAIOTCA Te JIOBYLWIKH, KOTOpble pacnomowenbr | 
B HeIMOCpeACTBeHHOH OJIM30CTH OT MeCT BxOfa 4 
BbIXOJa “WaCTHUbI H3 MHKPOKpUCcTaia. 

Ha pune. 4 npnBeyqena KpHBand pacnpenenenusa 
ap(v), MocTpoeHHaA B TpenoOKeHHu, YTO HeNO- 
jlauleky OT MeCTa BXOJla H BbIXOJa YaCTHIIbI HMeeTCH 
B CpeHeM OfHa JIOByIIKa, H Ha BbISPaHHbI ywac— 
TOK MHKPOKPHCTaJla, MPHMbIKaIOWHi K MOBepx- 
HOCTH, IpHXOJMTCA B CpeqHem 8 9eKTpOHoOB. IIpw 
pacueTe pacipeyevseHuA YUMTbIBAIHCh (:lyKTyalMH 
Kak YHCJa JJOBYUIeK, TaK H YnCa OOpasoBaBLINxcr 
B 9TOM paliOHe 3uleKTpoHoB. M3 pucyHka BuAHO, 
YTO TIOJIYYeHHOe B pesysIbTaTe pacueTa pacmpeye- 
JieHve OJIM3KO K 3aBHcHMOocTH const/v?. AHaso- 
THUHbIC KPHBbIe NOMyUaloTcA HW MIA A pyrux 3Haue-. 
HUH YHCIa IIEKTPOHOB. 

Takum oOpasom, B MpocTeHuMx npexnomoxKe-. 

poe HHAX, YUMTHIBAIOWIMX (JIyKTyalluu, BO3HMKarollne- 

B Tipollecce HOHHSallMH, uU *yKTyalluu uncna s0-- 

ByllleK, yaeTCA NOJIYYNTb KapTHHy, KaveCTBeHHO OObSICHSIOMLyIO 9|kcnepu-. 
MCHTQ@JIbHbIe Pe3YJIbTATHI. 

B 3akJli04eHve aBTOpbI BbIpaxkaioT OnarogapHoctp VM. VW. Typesuyy 3a BHu- 
MaHHe K paOoTe u OGcyxTeHHe ee ae a Takxe O. IT. FOxnosckoii, 
E. C. Bapunosoii, 3. M. Kyapsmosoli, E. O. Wasniuxosoii u H.C. Mucanxo 
3a TOMOMWb B padoTe. 


$(v) (omH ed) ~ 


Tlocrynwuao: 
21 VIT 1960 
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TEXHHYECKAA PH3SHKA 


A. M. TIOTHKOB 


O BUIMAHWH MEXAHHYECKHX HAMPSDKEHHM HA BTOPHUHYIO 
IJEKTPOHHYIO IMHCCHEO C OKHCH BEPHJIJINA 


(ITpedcmaeaeno axademuxom A, A. Jle6edesvim 8 VIII 1960) 


aN 


. 


F Hamu u3yyalacb BTOPHuHad ZIeEKTPOHHaA SMMCCHA C HalpsKeHHBIX Cul0eB 
oKHcH Oepuua. OOpasibl H3TOTOBIAIUCh BAKYYMHBIM PAaCIIbIICHHeEM TOJICTHIX 
ge 1 ») cnoes Oepunua Ha yupyryto cTadib uM OepHMeBy10 OpoH3y c nocue- 
RYIOWMM OKHCJIEHHeM JO OOPpas0BaHHA OKHCHOHM MJIeHKH B He€CKOJIbKO COT aHT- 
erpem. OOpaser, pasmepamu 10 X 25 mM mor G6e3 HapyllieHHa BakyyMa B CH- 
eTeme C MOMOLIbIO CieWHalbHOrO MeXaHH3Ma M3rHOaTECA Kak Oaka Ha JBYyX 
onopax c Harpy3Kol nocepeguue. IIpu stom culo OKNCH OepHsIMA Ha TOBepx- 
HOCTH OOpasila mHOO pacTarHBaJ- 
cH, HOO CKUMAJICH, B 3aBHCHMO- 
CTH OT HalpaBseHuaA us3rHda. 
‘BenwuHHy co3faBaeMbIxX B coe 
OKHCNa HalpAxKeHHH, Tem O6JIb- 
iyro, ¥eM Ooubie H3rH6 u TOMULH- 
Ha oOpa3ila, MOXHO ObIJIO OlleHH- 
BaTb 110 CTpesie IpornOa, KoTOpaa 


Puc. 1. SaBucumocTb BoJIbT-amnepHoit 
KapakTepHCTHKH BTOPHUHOS/IEKTPOHHOll 
OBMHCCHH C OKHCH OepHJIHA OT CTpeubI 
aporu6a oOpasua. [loxnoxKa — 6pousa 
rommuHon 0,1 MM. Oueprua nepBHuHErx 
3IEKTPOHOB 400 98; Jp>~ 10-7 a. / — uc- 
XOUHbIH MJIoCKHH oOpasen; 2 — cio; 
BeO cxaT, cTpena nporu6a h = 3 mM; 
3— h= 6mm; 4—caoli oKucu G6epua- 
Mua pacTaHyT, h=— 1 mm. Jlocae 
MHKBHAawnA HanpsAxKeHHH B Coe WH MpH 
DACTSXKCHHAX, COOTBETCTBYIONIMX A = 
=—2 mM 2 = —6 MM, TOUKH Jox*KaTCA 
a KpuBy / c yKa3aHHOM Ha rpaduKe 
TOUHOCTHIO 


20 10 Uy} (haan Ss 


aay 


QTCUMTHIBANACh C MOMOMIbIO HOHMyca. Ilyyok MepBHUHbIX IICKTPOHOB jHa- 
MeTpom B | MM C NOMOUIbIO OTKMOHAIONIMX MaCTHH MpOeKTHpOBaJICA Ha WeHTp 
pOpasia. Msmepenua mpoBogzuuch B ctbepH4ecKOM KOHJeHCaTOpe B BakyyMme 
)-10-‘MM pT. cT. pv oOTHOWeHWM paynyca cchepbl K pawuycy onpaBKu, rye 
aKPeMMANICA OOPasell, MopsAtKa 6. 

_ Vs puce. | u 2 BugqHo, 4To No Mepe yBeHUeHHA HalpAKeHHH CKATHA MOTEH- 
Tas HacbIWIeHHA BOJIbT-AaMMepHOH XapaKTepHCTHKH BTOPHUYHOIMeEKTPOHHON 
MHCCHU C OKHCH OepusMA yBeMUMBAeTCA HM B pacnpeleNeHHH SeKTPOHOB Mo 
KOPOCrAM NOABJIAIOTCA 1Ba Makcumyma. IlojoxeHHe NepBOrO MaKCHMyMa, COB- 
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lajarolero C MaKLMMYMOM WCTHHHO BTOPHUYHbIX 9JIEKTPOHOB, MaIO MeHseTCAH, 
a HHTCHCMBHOCTb efO yMeHbIlaeTCA C yBeJIMYeHHeM Hallps2xKeHHH. Bropok oueHby 
pa3MBITbIif MAKCHMYM COOTBETCTBYyeT 3JIEKTPOHaM C «HeMOCTAaTOUHOH SHeprvel».§ 
C yBeJIMYeHHeM HallpsAxKeHHH STOT MAKCHMYM PAaCIIIMpAeTCA HM HECKOJIBKO CIBH- 

raeTCA B CTOPOHY OOJbINMX BLITATHBAIOWIMX Mosel. Ec ctpesa mporu6a Hey 
apeBbiiaeT 2—3 MM pH TomMHHe COpasia 0,1 MM, To Moce AMKBUalHu Mexa- 


dy 
dv - 


JO 40 


' Puc. 2. 3aBucHMOCTh BOJbT-aMMepHOH XapaKTepHCTHKH BTOPHYHOH SJeKT- 
POHHOM SMHCCHH C OKHCH OepHJJIMA OT CTeneHH CxKaTHA COA. TlofzmoxK- 
Ka — CTaJlb ToMIHHOH 0,5 MM. QHeEprHaA NepBHUHbIX 3JIeEKTPpOHOB 400 9B; 
Ip~10-7 a. f — naockuit o6pasen; 2 — h = 3 mm; 3 — To xe yepes 24 uaca 
mpeObiBaHHsa B Bakyyme 1-10 —8mm pt.ct.; 4—A=6mm; 5 — nulocKHh 
o6pa3eu mocae cxKaTua. IlyHKTupHbie kpuBule J, 3, 4 momyuenb! Auddepen- 

I[HPOBaHHeM COOTBETCTBYIOILHX BOJIbBTAaMMePHBIX XapaKTepHCTHK 


HHYeCKHX HallpsxKeHHH BOJIbT-aMMepHad XapaKTepHCTHKAa BOCCTaHaBJIMBaeTCA I 
MOUTH LO NepBoHauambHoOH. IIpuH mepemene 3Haka u3rHOa OOpasila c yBemHye-f 
HHeM HallpaAxKeHuH B HEM BHa¥asle HaOmOMaeTcA cmaOoe HCKaKeHHe BOJIbT-| 
aMMe€pHOM XapakTepHCTHKH, HO Mp cTpeme mporu6a, Sombie 1 MM, BOWbT- 
aMMepHad XapaKTepHcTHKa MpakTM4YeCKH COBMagaeT c MCXOLHOH. YBemuuenue 
HalpsxKeHHH OKATHA JO BeENMYHHbI, COOTBeETCTBYIONeH CTpese mporH6a, Ooub- 
mel 2—3 MM, IIpw ToummMHe OOpasua C,5 MM, MpHBOAUT K ToMy, 4TO NoOcAel, 
NMKBUauuH M€XaHH4eCKHX HalpAKCHHH BOJIbT-amMepHaA XapaKTePpHCTHKa He 
BOCCTaHaBJIMBaeTCA JO NepBoHayabHON (puc. 2). 3ameyeHo TakxKe, YTO HCKaxKe- 
HHe BOJIbT-aMMepHOH XapaKTePHCTHKH CHJIbHO HallpsxKeHHBIX OOPa3l0OB yBe- 
JIMMMBaeTCH B TeYeHHe HEKOTOPOrO BpeMeHH IPH NOCTOAHHOM H3rHOe OOpasila.| 
SOTO ABJIEHHe OCOKCHHO CHJIbHO IIpH MIOXOM Bakyyme B cucTeme (pyc. 2, KpuBble} 
2 u 3). HaOmogaemple 1BeHuA He MOyT ObITh OTHECeHbI 3a CUeT OLIHOOK H3Me- 
peHHii, TaK Kak pH usruGe OOpasila U3 MeTaJIa, He MMerIOLLerO Ha MOBep XHOCTH 
MJICHKH OKMCJa, HMKAKHX MCKaxKeHHH BOJIbT-aMMepHOM XapaKTepHCTHKH HE) 
HaOwMoqaocb (puc. 3). Takum o6pa30M, HamMunve B MleHKe OKuCH OepuaMsh 
CKMMAIONINX YCHMH MPMBOAMT K W3MeHeHMIO XapakTepa BTOPHYHOM dJeKT 
POHHOM SMHCCHH C H<e. 

ConocraBjienue MpHBeeHHbIX JaHHbIX H MeXaHHuecKUX CBOLICTB OKHCIOF | 
MeTAJJIOB MOSBOIACT CleaTb BLIBOM, YTO HCKAKCHHA BOJIbT-AMNePHbIX Xapak}] 
TePpHCTHK BTOPHUHOM SJICKTPOHHOH SMHCCHM C TWIeHKH OKHCH OepHnuA MpH 
co3aHHH B nocweqHeH MexaHH¥eCKHX HalpAKeHHH CBA3AHO, NO-BHMMOMY)) 
C OOpasoBaHneM B Heli JedeKTOB KpUCcTamMUeCKO pelleTKH. 
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KosddunuentT BTOPHYHOH SMMCCHH UCC/eAOBAHHBIX OOpaslloB, H38MepeH- 
HIM Ip BbITATMBaloleH PaSHOCTH MOTeHIMaOB, JocTaTOUHOK MA OOecmeue- 
HMA HACHINICHHA BOJIbT-aMUepHOH XapaKTepHCTUKU, HeCKOJIbKO YyMeHbIlIaeTcaA 
TOJIbKO JIA OWeHb OOJIbIUMX M3rHOoB (puc. 4). STO oOcTOATeNbCTBO MO3BOIIAeT, 
T10-BHYIMMOMY, CeaTb BbIBOM, 4TO Me*eKThI KPHCTaIM4YeCKOM pelleTKH, BO3- 
HuKarlollue Mpu edopMaluH WIeHKH OKUHCH 
OepHJIJIMA, B OCHOBHOM OKAa3bIBalOT BJIMAHMe Ha 
BEPOATHOCTb BbIXOZa IICKTPOHOB, ABJIAACh AIA 
HUX JIOBylWikamu. JlelicTBue STUX JIOByWIeK KOM- 
MeHCHpyeTCA BbITATHBaIONLMM MOJIeM, MO BeJIN- 
; YMHe 3aBMCAIIEM OT KOHILCHTPalluu MedeKTOB. 

Bpllo 3aMeueHO TakxKe, YTO KOS*PPULMeHT BTO- 
PHUHOH SMHCCHM CHJIbHO M30rHyTHIX OOpa3soB 
HapacTaeT 0 cBOero MpesesIbHOTO 3HaYeHHA 3a 
20—30 cek. YKa3aHHaA HHEPWHOHHOCTbh CcTaHO- 
BUaCb 3AMeTHOH TOJIbKO IpH 9HeEprHH nep- 


pea 
a 
Sse 


‘r 


: 50 BHUUHBIX 9JIEKTPOHOB MeHbILe 500—400 9p, T. e. 
JIA MaJIbIX TuIyOMH BbIXOJla BTOPHUHBIX 9JIeKT- 
: POHOB. 
- oe 
| Hans : 
U2 
ee 
nD) 0 -10 B 100 200 300 400 my 600 700 800 300 00086 


Puc. 3. 3aBHCMMocTh BoJlbT-aM- Puc.4. 3aBHCHMOCTb KoappuuneHTa BTOPHYHO! BWIeKTPOH- 
MepHoi XapaKTepHCTHKH BTOPHY- Hol SMHCCHHOKHCH OepuJHA oTV,, mp pasiMuHoH cTe- 
Holi ameKtponHolt smuccuu C Pt = jenn catia o6pasua. 1 — niocKuit o6paseu; 2 —h = 
‘oT cTpeat mporu6a o6pasia. To.l- ENO adie ek OM eh Oa 

wHHa oOpasua 0,5 MM; 9HeprHa 

Teppuyupix auleKTpoHos 400 98; 

Ip 10-7 a. OkcnepHMeHTaJIbHBIe 

‘TouKH AIA OOpasiioB Co cTpesa- 

‘MH mporH6a f, paBHbIMH 0;6 4H 

—6 MM, JlomaTCaA Ha ONY KPHBy!O 

© ykasaHHoll Ha rpadpHke Tou- 

. HOCTbIO 


Tlocmennee o6cTOATeEMBCTBO TMO3BOAeT MpeAMOMOKUTL, UTO jledbeKTbI KPH- 
CTAasIMUeCKOM PelleTKH ABJIAIOTCA JIOBYWIKAMH He CTOJIbKO BTOPHYHBIX I/ICK- 
| TPOHOB, OO/aalOllUx OTHOCHTEJIbHO 6OJIbIIMMH SHEPruAMH, CKOJIbKO 9JICKT- 
“PpOHOB, HeOOXOMMBIX [JIA BOCHOMHEHUA SMHTUPOBAHHDX. 
_ 8B saksoueHHe cuuTaIO CBOHMM JlOJITOM  BbIpasHTb OnaroqapHocTs akan. 
lA. A. JleGenesy 34 BHUMaHHe H PYyKOBOJCTBO padoroit. 


Tlocrynuo0 
30 VII 1960 
f 
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Jloxxann Akagemun uayk CCCP 
1961. Tom 136, Ne 5 


TPEO®HSHKA 


B. fr. HCTOMHH 
MOHbI MATHHA HW KAJIbILMS B BEPXHEM ATMOC®EPE 3EMJIM 


(IT pedcmaeaexo akademuxom E. K. Pedopossim 11 X 1960} 


Cpipuie 20 eT Ha3am B BepxHeH aTMocdepe Semi Obl OOHapy2xKeH HatT- 
punt (7). Ero mpucytcrBue Oblwio ycTaHOBJeHO MW NOLATBeEp*KLeHO MO HaJMUHIO JIH- 
Hui D B cilekTpax cBeyeHua CyMepeuHoro WH HOUHOTO HeOa. B nocueqHHe Tosbl 
B CIeKTpax cymMepeusHoro HeOa HeEOJHOKPaTHO OOHAPyXKUBAIHCh TakxKe JIMHMY 
JIMTMA WM MOHMZOBaHHOrO Kaspuua (7,°). I]pucyTecTBMe Zpyrux MeTaJJIOB, Ha- 
CKOJIbKO M3BeCTHO, HUKorla B aTMocdepe He HaOsIOMaJOcb. 

B cuuy TOTO 4TO OOJIbINMHCTBO 9KCIePpMMeHTOB TO MCCJIeqOBaHHIO CBeYeHHA 
cyMepeuHoro HW HOUHOTO HeOa MpOH3BOAHTCA C MOBepXHOCTH SeMJIM, BeCbMa 
CYyIleCTBeHHbIe JIA MOHHMaHHA (pU3H4eCKHX YCJIOBHH B BePXHHX CJIOAX aTMO- 
ccepbl JlaHHbIe O BbICOTAaX 9IMMCCHH, MPOTAKeHHOCTH CBeTAILAXCA CO0eB U 
UX poduse mosyuyarorca C JOBOJIbHO OOJIbINOM CTeMeHbIO Heompemesmen- 
HOCTH. 

OleHKa KOHIeCHTpalwuw aTOMOB MeTaJilJIa, KOTOpad DesaeTcA B H3MepeHHAX 
TaKOrO pofla, TaK2%Ke He MOXKET CUNTATLCA AOCOJIOTHO JOCTOBepHOH: OHA onpese- 
JIACTCAH KOCBEHHBIM OOPa30M, HM BeJIM4YHHAa ee CYMIECTBEHHO 3aBHCHT OT pAya He 
OY“eHb YBePeHHO onpeseisemblx daxTopos. Ilo u3n0%*KeHHbIM NMpHunHaM, ecTecT- 
BeEHHO, IIpeMCTaBJIAeT MHTepec MIpAMOe OOHapyKeHve MH H3MepeHve KOHUEHTpalluu 
ATOMOB (HOHOB) IeJIOUHbIX H UeJOUHO3eMEJIbHbIX MeTAJIJIOB B BepXHeil aTMo- 
ccbepe Semin. 

B tycke reodusuyeckoi pakeTs! yrpom 15 VI 1960 r. B cpeqHux mMpotax 
Exsponelckoi uactu CCCP nonubiit payMouacToTHbI Macc-CleKTpoMeTp HapsapLy 
C OOBIMHEIMH WIA JaHHbIX BbICOT NOJOKUTeEIbHBIMA MOHAMM OKHCH a3s0Ta NOt 
M MOJIeKyAApHOrO KHCJOpoga OF saperucTpHpoBal MOHbI MarHud Mgt um Kasb- 


usa Ca*. Macc-crekTpometp OpiJl ycTaHOBsIeH Ha OTJeMAIOMeMcA KOHTeliHepe, 
4TO OOeCHeWUBaO MpoBeseHue H3MepeHHH B He3sarpAsHeHHOM pakeToH oOmacTu 
aTmocdbepbl. MeToauka SKCIepHMeHTa TMOIHOCTbIO aHaJIorMuHa paHee onMcaH- 
Holt (*), HO MCHOMbSOBasICH MaCcC-CNeKTPOMeTp B HECKONbKO pas Oosee uyBCT- 
BHTeJIbHBIM, YM MPHMeHABIIMCA JO CHX Top. 

Bcero novlyyeHo Ha BbIcoTax oT 92 40 206 KM HemHoruM Gostee 100 cnexTpos, 
Ha 5 U3 KOTOPbIX HMeIOTCA IMMKH C MaCcOBLIMH UNCIamu 24 u 26. M3 stHx cneK- 
TpOB 3 NOJyYeHbI Ha BOCXOJAINel BeTBU TpaeKTopuu, a 2 — Ha HUCXOLAINeM. 
OTH, a TaK%Ke HECKOJbKO MPebILyMIMX HM MOCHeLyIOMMX CHeKTPOB BOcMpou3- | 
BefeHbI Ha puc. 1. OOpamaer Ha ceOa BHUMAaHHe XOpOLee COOTBETCTBHE BEICOT 
-peructpatun muKoB c M = 24 yw 26 Ha BocxogaleH u HUCXOMAIel BeTBHAX. 
Tak, CMe€KTpbl C MaKCHMAabHOM aMNMTYLOH STUX MMKOB NOsMy4eHbI, COOTBET- 
CTBeHHO, Ha BbICoTax 103,5 u 105 km. YuntTuBax, uTo nepuox pasBepTKU 110 
MaccaM ObIJI paBeH ~3 CeK., 4TO B JaHHOM CJIlyuae 9KBHUBaJIeHTHO H3MeHe- 
HHIO BbICOTbI Ha ~4 KM, TaKOe COBMAaeCHHe BLICOT ABJIAeTCA Oomee YeM YOBNeT- 
BOPHTeJIbHBIM. 

QJIEMeHTOM, HMEIOILMM maccoBoe uncno M = 24, sapnserca marnuit. TMo- 
MMMO w30Toa Mg** cynecTBy10T Takxke u30ToNBI Mg2® u Mg2°: wx oTHOCHTeNb-_ 
HbIe PacIIpocTpaHeHHOCTH PaBHbl, cooTBeTcTBeHHO, 78,6; 10,1 u 11,3% (5). Ff 
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SaperucrpHpoBaHHoe OTHOIMeHHe KOHICHTPalluHi MOHOB MarHHA M KaJIbIlMA 
NMgt/Ncat = 2528, a KOHMeEHTPallMt WOHOB Nca+S540 cM * IIpunumaa 
TIpopusb COA [IA MOHOB Cat Takum 2Ke, KaK HW Jima nonop Mg*, nonyau, 
uTo MoHOe UMCIO MOHOB Ca* B cTrouOe euHuuHOro ceyeHua Nca+ 3-108 cu. 
Sra BeMUMHa Onu3Ka K OWeHKe, CllesaHHO MO HHTeHCHBHOCTH CyMepeuHoro 
cpeyenun suuuli Call: Ncat+2e 5-108 cm, npupeneHuol B padore (%). Pesyub- 
TaTbI padoTs! (*) BIOJHe COMOCTaBMMBI C M3JIOXKeHHBIMM JaHHbIMH, KaK MOJy- 
YeHHbIe B OJHOM HM TOM 2Ke MeCHAIe (MIOHb), B HepHO AaKTHBHOCTH HEBHbIX 
MereopHbix noTroKos Apuerua u I[lepceuy (’). CuefyeT yKasaTb Take Ha 
XOpotlee COOTBeTCTBHE OLCHKH BBICOTbI 9MUCcHOHHOrO cnos Ca II, nonyyeHHon | 
B paOote (*) (H = 100 KM), Cc BBICOTaMM, Ha KOTOpbIX 3aperucTpHpoBaHa. | 
MaKCHMasibHad KOHUeHTpattua uonop Mg* u Ca* (H = 103,5--105 xm). 


Ec.IM IIpHHATb MeTeopHy!o THMoTesy MpOMCXoO*KeHHA HOHOB Ca* B aTmo- §, 


chepe (2), TO He MpHXOMMTCH YAMBAATECH M OOHApy2KeHHIO OOMbIOTO KOJIM- 
yectBa nHoHoB Mg*. MarHuit aBaeTCA CaMbIM paCIIpOCTpaHeHHbIM MeTaJIIOM 
B KAMeHHbIX MeTeOpHTax, KOTOpble, KaK H3BeCTHO, MpeoOsaaioT B Me€TeCOpHbIxX 
mloroKax (8), ero cofepwxaHue B CpefHeM COCTaBMAeT 16 Bec. % (°). 

Oco6o cuelyer OTMETHTb OM30CTb 3aperHCTPpHpOBaHHOrO B [aHHOM IlyCKe 
OTHOLIeHHA KOHUeHTpaluit MOHOB Nmg+/fMcat = 25-8 K OTHOUIeHMIO YCIa 
ATOMOB TeX 2K@ 9JIEMeCHTOB B M€TCEOPHTAX Nmg/Nca = 15 (?). 

Ito OGCTOATEIBCTBO MOXKET OLITh JerKO OObDACHEHO TeM, U4TO HOHHSAIAA 
ObICTposeTAMMX HcMapHBuIMxca aTomoB Mg uCa pu B3aHMOJIeHCTBHH HX C MO- 
jleKkylaMu atTmocdepbl, Tak Ke Kak M peKOMOMHALMs oOpa30BaBLINXCA MOHOB | 
Mg* u Cat, OJDKHbI IPOHCXOANTb COBEPINeHHO OJMHAKOBO. V3-3a cxomcTBa du- | 
3HKO-XUMMUCCKUX BOLCTB 3THX MeTa/I.B KOICTAHTH! mpowec OB HOHUSANMH | 
M PeKOMOMHAMM OJDKHbI OITb OJIM3KH. 

Viutepecupiii cam mo cede (bakT HellocpeCTBeHHOTO oOHapyxKeHHA B BepX- 
Hei aTMocdepe B MepHo aKTHBHOCTH JHEBHbIX M€TeCOPHbIX MOTOKOB 3HaduTeJIb- 
HbIX KOJMYeCTB HOHOB MarHHA H KaJIbUluA, pacnosaralowluxcA B CDABHATEJIbHO 
TOHKOM Cjloe, Tax 2Ke KaK WM KOJIMYeCTBEHHbI€ COOTHOWICHHA HW 3HaYeHHA KOH- 
WeHTpallu STHX MOHOB, C/ly%KaT MOATBepxAeHHeM THNOTESbl UX MeTeOPHOTO 
MpOWCxoxKTeHHA. 

Astop BplpaxkaeT OarogapHocts M. E. CiylKOMy, HO, pyKOBOACTBOM KO-— 
Toporo Obl CKOHCTpyHpOBaH M_ M3PrOTOBJeH HCHOJb3OBaHHbIM ~paHouacrTorT- | 
bi Macc-cnextpometp, A. A. TloxyHKosy, oOecrieyHBilieMy MpoOBeqeHHe SKC- 
nepumenta, u I. H. Hogco6ssepoli 3a NOMOIMb NpH o6padorke. 


| Vucrauryr mpakiagquol reopu3ku Tloerynuso 
Axanemun Hayk CCCP 11 X 1960 
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Aornann Akagemun nayr CCCP 
1961. Tom 136, Ne 5 


TPEO@H3SHKA 


A. H. XPEBTOB 


BHYTPEHHEE TEMJIO HE®TEPA3OHOCHDbIX MJIOWAIEM 
(ITpedcmacaeno axademuxom J. H. Mlep6axoeeim 29 VI 1960) 


| Tenozow pexkum HedTerasonocubix Mvowlageli oTMMuaeTCA GoNbUINM pasHo- 
‘oOpasvem.. Teorepmuueckad cTyneHb JIA pasHBIX paiioHOB 3MeHseTca 
'B OWeHb WIMPOKHX Mpesemax OT HeCKONLKUX MeTpoB fo 100 m/rpag. u Gouee. 
UacTo oHa peTepneBaeT H3MeHEHHA MH B Mpeseax OTICILHBIX MoMlazeit. 

| BuyTpeHHee TerI0 3eMHOrO Wapa Co3qaeT OCHOBHOH TemnepaTypHEIi cox 
SeMHOH KOpbI. OTKJOHEHHA OT HOpMasbHOrO TemmepaTypHoro (ona oObsAc- 
HAIOTCA MakTOpaMu JIMTOMOrMYeCKHM, TeEKTOHMYeCKUM HM Fusporeosoruueckum, 
ja TakxKe XapakTepoM pesbeda WHeEBHOH MOBepxHOcTH. OObacHeHua pasmnuuii 
B BeJHYHHE TeEOTEPMMY4ECKOM CTYMeHH 3a CUeT STUX (aKTOPOB B OCHOBHOM mipa- 
BHJIDHDI, HO JIA OObUIMHCTBa Hecbrera3OHOCHBIX ” Muloulayeli HeOCTaTOUHEI. 
Zio MocmeqHero BpeMeHH COBepIeHHO He YUNTbIBaOoch OOorpeBalollee HI 
OxNaxKalollee BIMAHME Fa3a Ha OKPYyxXalolllylo cpely C U3MeHEHHeEM aBJeHUii 
Ha (JOH. 

HisMeHeHuA MWIaCTOBLIX JaBNeHHi B TasoBbIX 3ayexKax — mpomecc aquaba- 
‘TH4YeCKHH. YBesMUeHHe HX BeJeT K POCTY TemMepaTypbI CBOOOsHOrO rasa u Me- 
(pefaue OKpyxatolleH cpeye mpuoOpeTeHHoro u3OpITOUHOrO Tenia. YMenbureHue 
‘MACTOBLIX JaBJIeEHHW CONPOBOMKLaeTcA CHWKeHHEM TeMMepaTypbI rasa 3alexKeli 
MW OXJaxKeHHeM OKPyKaloulH4x TOPHbIX Topox, BosbI u HedTu. AyuadaTHbit 
'3AKOH MOXKET ObITh BHIPAKeH cseLyrorlel opmysoii: 


aay We Vey 
mao(z) wiht) 


rye T, u T, — KoHeuHaa u HayaybHaa aOcomoTHan Temnepatypa raza, P, u 
Po — AaBeHUA Mp COOTBeETCTBYIOWIMX TeMMepaTypax U Y¥ = Cp/Co. 
| TepMoxkapotaxuple paOorTbl Jia u3y4yeHHA xapakTepa TenJIOBorO pexuMma 
PasoHe@TeHOCcHBIX Mioujazel BLlextpambHom TIpeqkaBKasbe npoBoysatcs c 1948 r. 
B uacTosulee BpeMA HMeIOTCA TeMMepaTypHbIe KpuBHIe 110 60 pasBeqouHEIM u 
ONOPHBIM CKBaxKuHaM. TepMorpaMMbI UMeIOT pasiMUHyIO cTeMeHb jlocToBep- 
HocTH. OlleHKa KayeCTB TeMMepaTyPHEIX KPHBbIX MPOH3BOAMACh 10 AByM oc- 
HOBHBIM MpH3HaKaM: NO MpOAOJKUTeJbHOCTH IIPOCTOA CKBaKHH Mepek Tepmo- 
KapoTaxKeM HU MOCJefOBaTeJIbHOCTH TePpMOMeTPHYeCKHX padoT c paboTamy 
(TO HCIbITAHMIO Ta3sOHOCHBIX HM BOJOHOCHBIX OObeKTOB. WMcnbiraHue mpo- 
TYKTHBHBIX TOPH3OHTOB MIPHBOAWIO K 3HAYHTebHOMY OXJIaxKIeHHIO CKBaxKHH 
; COOTBETCTBHH C 3aKOHOM ayMaOaTHOrTO H3MeHeHUA CocTosHUA rasa. IIpeqBa- 
UTeJIbHOe MCHbITAHHe BOJOHOCHEIX FOPH3OHTOB C OOVJIbLIHM KOJIMYeCTBOM pac- 
TBOPeHHOrO fa3a Tak2Ke BeJIO K HEKOTOPOMY OXJIaKJeHHIO CKBaxKHH. 
HarJiaqHbiM MpHMepoM BJIMAHHA KOJeOAaTeIbHbIX JBWOKeHUH 3eMHOM KOpEr 
da TeMMepaTypHbIM pexKUM NOpo pa3spe3a Cc Ta30BbIMH 3aJexKAMH ABJIAeTCA 
AvlekcaH{poBcKkad mulowlaqb. IIpompmuieHHO Tra30HOCHEI 3/[eCb SOIeHOBHIe u 
TajleoleHOBble OTJOwKeHUuA. TeoTtepMuyeckHe HCCJeOBaHHA MpOBOMINCh 
3 6 pasBeMOUHBIX CKBaxKHHaX. TepMorpamMa ofHOH “3 Hux (Ne 2) qoOpoKayect- 
seHHAaA, Tp Apyrue (NeNe 5, 10 u 14) moryT ObITb HCHOL30BaHbI NocJe BHECce- 
IMA NOlpaBOK Ha TpelBapuTesbHOe OXJIaxKTeHHe H WBe — OpakyroTca. 
To MaTepHaJlaM Ie€pBbIX YeTHIPeX CKBaXKHH CocTaBieHa Ta6ul. 1 c TemMnepaTypow 
IOpo, B KpOBJIe XayyMCKoro ropH30HTa, 3aJeraiomlero Ha 250—270 M Bpitue 
jterobol Ta3s0BOH 3aJlexKH. 
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PasMunA MexKIy 3HaYeHHAMH JeHCTBHTebHOM HM pacueTHOH TemmepaTyp 
Mopok KpOBJIM XaLYMCKOrO TOPU30HTa BbISBaHbI BJIMAHHEM Ta30BbIX 3alekel 
AneKcaHIpoBCcKO M0ulaqH Ha TeNMJOBOH PexKHM BbIIlese7K alllMx OTJIOXKeHHH. 
Cxpaxunpt NeNe 5 wu 14 npoOypeHb B pesemax KOHTypa Pa3OHOCHOCTH 301e- 
HOBO rasoBoli 3amexu (pvc. 1), H pasHHila 9Ta JOCTHTaeT 3/eCh 3HANeHHA | 
+10,4 u 11°. B cxBaxune Ne 10, BCKpbIBalolleH Ta3sOHOCHble MeCuaHHKH Yep- | 
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Puc. 1. Crpykrypuaa Kapta (a) u cxema u30Tepm (6) AneKcanzposckolt naomaqu: 1 —n30- 
THNnChI KpoBAM meCuaHuKOB YepKeccKoil CBHTHI (a) H H30TepMEI- KpoBH XaflyMa (6), 2— ocb 
aNTHKIMHAIH, 3—KonTyp TasoHOCHOCTH MeC4aHHKoB yepKeCCKOii CBHTbI (BHELIHHH H BHYTpeH- 
uti), 4—Hepranad oTopouKa, O— CKBaxknHbl, OXBAYeHHBIE TEOTePMHYeCKHMHH UCCJeOBaHnAMU 


KeCCKOH CBHTbI B BOJOHOCHOM YacTH, elCTBUTeIbHad TeMMepatypa OovIbIlle pace 
yeTHOM TOJIbKO Ha 0,7°. Camoe 6ouIbI0e BAMAHNe ras0BOHK 3ae*KU Ha TemMIMepa- 
TYPy BbilMlelexKallux MOpo HadsIOqaeTcH B ipesesax KOHTypa TasOHOCHOCTH 
TIOULAaAH HW OBICTPO yMeHbUIaeTCA B CTOPOHY OOBOJHEHHBIX KPbIIbeB CTPYKTYPBHI- 

CrpykTypHble cbopmbi pasBelounbix naomazel Lextpanmbyoro [IpeqkaBKa3sba 
PasBHBaJIHCh B OOcTaHOBKe eMHOrO TeKTOHMYeCKoro MaHa. B mocidecapMmat- 
ckoe BpeMA OHH mpeTepnesn TIPCHMYILeCTBeHHEIH roxpem. Tlompem AmekcaH- 
POBCKOM NOULalH, BOSMOxKHO, Havdasica JaxKe C KOHILa MaMKOMCKOTO BPeMeHH. 
Hanpammpaetcs BbIBOL, UTO MOJOXKUTeIbHOe BAMAHWE TasOBbIxX 3aslex%KeH ITOH 
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NMouWalw Ha TeMJIOBOH pexKHM BBIMeIeKAULMX OTJIOXCHHH BbISBaHO BOCXO- 
_AAMMMH JBWKeEHHAMHM S3eMHOM KOpbl B OOACTH MOHOKJIMHalM ceBepHoro 
cxioHa Kaska3a, re mecuaHHKH YepKeCCKOM CBHTbI MM MasleolweHa M0- 
Jyu4aroT MHTaHve 3a C¥YeT MOBePXHOCTHBIX BOX. Hapsay c mpeumMylllecTBeHHbIM 
nloybemom AviekcaHApoBckoH MOulalMw MOMbeM B palioHe MOHOKJIMHAaJIM TIpH- 
| BeJl K YBeJIMYEHHIO IIACTOBbIX JaBJICHHM B Pa3OHOCHbIX IJlacTax HM pocTy Temme- 
| paTypbi rasa 3sasexelit. 

JipyruM, He MeHee BayxKHbIM (PaKTOPOM, BbISbIBAIOWLMM OTKJIOHEHHA OT HOp- 
MaJIbHOTO TelJIOBOrO pexKUMa rlyOOKUX TOPH30HTOB, ABJIAIOTCA MIpOlleccb! ra3o- 
M HedreoOpa3soBpaHusA B nopogwax. B mecuaHbIx mopoyax C OTKPHITbIMH T0- 
_paMv 2%KHAKHe MH ras0oOpasHble BeULeCTBA HaXOAATCA Tok TupocTaTHyeckuM 
{ JaBJIGeHHeM HM He BOCIIPHHHMAaIOT Ha cCeOxA Beca BbIIMeIeKAlNX OTJOMKeHHH. 
B rsunax mofaBusaroilee 60/IbIIMH- 


CTBO NOP 3aKPpbITO, H Cosep*KaHeca Ta6auua 1 


'B HUX (pJOWIbI MCHbITHIBAIOT TaBJIe- Temnepatypa B KpoBme XayMCKUX OT- 
HHA, UHCJICHHO paBHBle Becy Bbilllese- soweHnit (B °C) 

‘“2KallHx mopox, T.e. B2—3 pa3sa | 

‘TipeBocxofamiMe rulpocratuyeckve. £ | Samepenuaa | MCMSTEMTET> |p scuernan mpu 
-Tas006pasubie yrieBoxoposbl, oOpa- gz | tporepMo- Ths Ea ee 
3ylollveca M3 OpraHwyeckoro Belle- 2% 

‘CTBa He*TeMaTepHHCKHX TVIMHUCTHIX 

‘TlOpod, pacTBopsAIoTcCA B %*KUAKHX 2 72,4 72,4 72,4 
coumaXx, 3anoNHAOUAX MopE.Pocr > eM oy ah 
yllpyrocTtw pacTBopeHHoro ra3a B14 75,4 78,1 67,1 


HUX MOXKET MposoOMKaTECA HU Mocue 
OCTHXKeHHA e10 BeJIMUMHbITOpHoro jaBieHus. MakcuMaiibHad yipyrocTh 
pacTBopeHHoro ra3a C,, onpesesmaeTca CyMMOH TOpHOrO aBJIeHHA MU Wpeseb- 
-HOTO Halps*KeHHA Ha M3PHO PIMHHCTHIX YACTHI WIM CHUJIbI CIEMJICEHHA HX 


Cm = 0,1 -dep + 1006 ($- m), 

mle H —ray6una oObeMa TIMHMCTOH NOposbl, WIA KOTOporo MOCuMTbIBAaeT- 
CA MAKCHMA@JIbHO BO3MO%KHAA ylpyrocTh pacTBopeHHoro ra3a (M), dcp — 
CpeHHH OObeMHBIM Bec BbIINeIeEKAMMX NOpOL, 6 — MaKCHMaJIbHOe HalipAKeHHe 
‘Ha M3rHO CyMMBI OTIEIbHbIX TIMHHCTHIX YacTul B | cm® mopogp (Kr/cm*), h — 
“MOU[HOCTh TrasoHedTeMaTepHHCKOrO TIHHUCTOrO acta (M), m — paccTOAHHe 
'B MeTpax OT IeHTpa rasoHedTematepuHCKOrO MacTa Oo OGbeMa MoOposbl, Ls 
KOTOpOrO MOJCuHTHIBaeTCA 3Ha4eHHE Cy. 

PacTBOpeHHbIi ra3 MOMYMHAeTCA TeM »%e 3aKOHAM, YTO UH CBOOOAHDIN. Pac- 
‘TBOPeHHe JONOJHUTeIbHEIX MOPpUMH rasa B Mopax YVIMHMCTHIX MOpos Bejler 
K yBeJIM4eHHIO BHYTPeCHHUX JaBJIeHHH CBepX TOPHOLO UH, CJlefOBaTeJIbHO, K pOcTy 
TemiepaTypbl ra3a uM mocueqyrouleMy TemoOOMeHy Cc OKp yKarouleH cpeyon. 
Temnepatypa raga OT cxKaTHA 6e3 MepelaunH OKpyxKaromlel cpeye t, MO*KeT ObITb 
‘Halijlewa C MOMOULbIO npeoOpasopanHon cbopmysb aluaGaTHoro 3aKona (1) 


PL viet = 
| betas). —! | 


IIpupanjenue Temmepatypbl BOAbI M CKeseTa MOpOsb B eMHUMe OObeMa I11a- 
cTa B pe3yIbTaTe TemOOOMeHa C Ta30M OMpefeAeTCA C MOMOLIbIO PopMy.JIbI 


v.t 
= ih 7a , Tie vp — O6beM pacTBOpeHHoro Ta3a B efHHHWe OObeMa HedpTe- 
ar 


Benen MOpOb, pW — lOKa3aTeJlb YIMJIOTHEHHOCTH Ya3a_ B nmopoye 


== N 

i Bay ait ee ig k —opucTocTb tilacTa B JOmAx efuHubr u N,, 
N, si 

Ne N,; —4uc0 rpaMMOJIeKy.JI COOTBeTCTBeEHHO pacTBOpeHHOrO ra3a, 


Bolle WM CKeJeTa NOposbl B eEMHULe OObeMa TIaCTa B YC/JIOBHAX CYILeCTBYIOWIHX 
‘Wapmenua u Temmepatypbl. 
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Pacueth noKkaspipaior, wo B LenTpe 1O-merpoporo TinHnCTorG miacTa Ha 
rnyoune 1000 mM ¢ nopueroetpio B 40% ” paBHOMepHbIM pacmipeteneHnnem no 
MOULMOCTH rasonedremarepHHCKOrO BeHecTBA TeMMepatypa renepupylonleroca 
raga mower BospactH Ha 12—18"C, ecm JonycTuth OTCyTCTBHe Ten NOOOMeH a 
¢ okpyaaionel cpexol, B peasy jprare renooOmMena Temmepatrypa nopoybl Mt 


HOt YBCMMMNTCA Ha 22,5". 


¥ ‘4 Kpubas mepHaxapom. 
e102 | 20 30 40 50 60 10% 


ie pal, ane 
iy A Kpudan mepnoxapomana 
= 


102") 20.30 40 50 60 10 80% 


ny wu §=Kpudan 


be] At \mepmanapom, 
B02 | We de ao 


a 3) 6 
Pre, 2 TepmMokapormciune paspespt cknaKkin Llenrpaipuoro TIpenkan- 
Kibet a exnmKuia No 2 Anexcanjtponekoll miomayy, O— ckpaxnna 
No 3G Courimieenckor miona, é= cknaxnna Nel Hnarosckol miomayny. 
/ KPUNAN NIeKTPOTEPMOKAPOTAKA, 2— reorepmMu4ecKuH (bon, 3 —Tem- 
' neparypuas Kpunas Ad, 


[lo BOChMH PASBELOUNLIM MVLONaVIM LlenrpaspHoro TIpeqkaBKasba B mpe- 
ACNAX HIDKHHX 200-300 M MalKONCKUX PIM TepMOKapoTaKeM CuKcupyercs 
NONOKUTCIbUA TeMneparypHasd anomavings. Cpeisist BeIHUHHa MaKCHMaib- 
HbIX SHAWeHHH ee NO CKBAKHHAM panna -|-3,1°, MsMeHAAch B mpeletax OT 
1,9 8 Hnaronexoll onopnol cknarxkune qo --4,5° na AnekcanyposcKolt mio- 
HWW (pre, 2). Anas reorepmuueckux HW Apyrux reosornueckux MaTepHaJiOB, 
HAKOMICHHDIX GA TPOMVIbIe PONbl, MOKABAJI, YTO BbIABIIEHHAA NOOKUTeIbHaA 
TEMHepATyPHAN AMOMAJING BHISBANA PeHepannell rasoobpasubix yrseBoL_opoLos 
KW ryinnax Toll TON, OUTYMUNOSHOCTD KOTOPHIX B CpeqHem Jocruraer 0,1%. 
He nowrBepWWwideh NpenoroxKenne O CBasH STO aHOMaNMH ¢ pawuoakTHB- 
HOCTHIO NOpPoO Malikona, 

MUPpalist PASOOOPASHbIX HW XHAKHX BeMNecTB B rOpHbIx nopowxax MorKerT 
NPOHCXOMMTH TOKO B CPOPONbE NOHMKCHHDIX JaBlenHi, [Tpouece stor TaKxe 
aMadarnvecknil HW ConponoxKjwercst OXNaKeHHeM rasa ni nebrematep HH - 
CKOM Nopoet, U8 Koropoll on murpupyer. Tonnorennpie TepMOMeTpHUuecKHe 
paooTh! B CKHAKHNAX Hedrerasonocnprx rmwioujayell, copmecrno c 6oee yruly- 
ONCHHDIMH, BCCCTOPONHUMH HCCELOBANNSIMH OCALOUNDIX POP HbIX MOpOy, MOMO- 
PYT B pASpesax OYPUMUXCH CKBAKUA BHIBVLTTL HedTremarepHAcKHe POPHSOHTHI. 
KpoMe TOPO, OUM NOSBONIT OODSICHATH NPHMNNE KAVeCTBEHABIX pasmMuNit Hed- 
Tell B SANIOKAX HW YCreMMO peMlaTh Ps, APYPMX npakrugeckux #1 TeopeTHue- 
CKHX BoMpocon Onell nH Hedpranol reonornn. 

HMoerynusio 
27 VI 1960 
1072 


oKksano Arkaqemuu nayx CCCP 
1961. Tom 136, Ne 5 


XH MH f1 


Yuen-Koppecnonjent AH CCCP WM. I. AJIAMAPHH, 0. M. NIETPYXUH 
w 139 1OHb-CAH . 


PASAEJIEHHE HHYOBUA MW TAHTAJIA 9KCTPAKUMEM 
N-BEH3OUJIMEHWJIFAAPOKCHJIAMMHATA HHOBUA 


Pasfeienue unoOun uw TanTana CiipaBeIHBO OTHOCAT K OJHOK H3 CaMbIX 
PYAMbIX 3aay ananuruseckon xumun ('). Hanu6onee mepcnekTuBHblii meroy 
pasweneHuA STUX JByX ds/IeEMeCHTOB — MeTOA, 9KCTPaKUMM BHYTPHKOMIVIeKC- 
HbIX COCJMHCHHN OPraHvueckuMU pacTBOpHTeAMH. JIA STOK We OKasaJICA 
geCbMa MIPHFOMHbIM anHasor Kyndepouna N -6en3ouncennsrugpoKcnamun (BLA) 


Te 


Y 
Lon, 


| KoTopbih c HuOOKeM OOpasyeT KOMIIJIeKCHOe COeMHeHNe, pacCTBOpUMOe B XJ1OpO- 
opme. OTOT peakTUB HefaBHo Opi NpHMeHeH [WIA KOMM4eCTBeEHHOrO ompelle- 
jmenua Zr, Th u Sc (7), a TakxKe IA rpaBuMerpHueckoro onpeleneHuA HUOOMA 
M Tautana (*-°). B ofHom u3 o630poB no aKcrpaKuun (°) umeetca KpaTKOoe 


pacTBOpoM BOLA B xnopodopme Bipucyrcraun 4% 


puueckuh MeTO uMeeT pA, OOuLensBeCTHDIX He- 
focratkos, oOycnopnennbix Ooupuot nopepx- FF 
HOCTHIO pasqena (bas, M BCNeKCTBMe 9TOFO 3HAa- py 
UTCbUbIM COOCAKCHMEM, YTO TIPMBOMT K He- 
(OOxXOMMMOCTU 110 KpaliveH Mepe [ByKpaTHorO 4g 
OCarkeHuA. OKeTpakunA us F~-coxeprKamnx 
PpacrsopoB TpeOyer mpumMeHenua romMaTHeHO- 20 
BOK nocyyL. B ono u3 HamimMx pador (*) 6pi10 
MOKa3aHO, 4YTO 9KCTPaKIUMA BHYTPMKOMMIeKCHO- gg 4 G8 1012 
Tro coeyuuenua HuoOun c BOTA sBosmomxuna B pH— 
MpucyTCTBUM BUHHOM KUCOTLI, KOTOPaA yyep- Pile. 1 kerala. etopphopwon 
KUBACT HUOOMU UM TAaHTAa/ B pacTBOpe UM B TOKE  coeguyennii Nb u Ta c BOLA} s 
PEMA He TMPenATCTByeT JKCTPakIIMH. gaBucumocTu oT'pH pacreopa 
Jina KOHKTpOJA 3a UBBeYeHUeM HCI uJb- 

Z0BaIMCb PajlMOaKTHBHbIe Uu3ZO0TONL HuOoOuA |u 

Fantana (Nb, 71,35 nu.; Ta’®*, Tx, 115,1 gu.). Uro6pl uckmiounTe venow- 
{Ory uszoTOMHOrTO OOmeHA, paj\MoaKTUBHbIe H3OTOND OOABANUCb K CTAOKJIb- 


OTOBMJINCh pactBopenuem HaBecok Nb2Os u Ta2Os B cmecn Kon. H2SOa 
A (NH4)2SO.4 c nocaenyioulum pacTBopenvem muiaBa B BUHHOM KucsoTe. [lony- 
eHubIe pactTBopb! coxepxKaiu0,35mr/ma NboOs u 0,30 mr/Ma Ta2Os u Opin 
3%-mMu 10 BUHHOK KucJoTe. 4 MJ pacTBopa NoMellaluch B MpoOupkKy c TmpuTep- 
to# mpoOKok, 3atrem npuOaBnanca 1 mn 10% cnuptrosoro pacrpopa BOA. 
oce OOpasoBauUuA ocaka BBOLMIOCh 5 MI XJOpodopMa M CMeCb BCTPAXUBA- 
jacb B TeueHve 3 MuH. Bo Bcex onbitax pH BosHoh dasbl noce 9kcTparupo- 
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BaHHA He MeHAIcH. SaTem OT OpranHyeckow (basbl OTONPatuch 2 MJ pacTBopa 
HW H3MepAIaCb AKTMBHOCTb pacTBOpa Ha CueTHOM ycTaHOBKe, CHaO*KeHHOK 
y-cueTunKom. Ilo pesyIbTaTaM M3MepeHHH Obl MOCTPOeHLI KPMBbIe SKCTPakuMH 
HHOOMA H TaHTaga (puc. 1). 

B o6nactu pH 4—6 nuo6uit akcTparupyetca Ha 98 — 100% onHoKpaTuon 
9KCTpakliveli, B TO BPeMH Kak TaHTaJl He 9KcTparupyertcs coBcem. IIpu sKcTpak-' 
IMH TaHTata npu pH 0,5 —3,0 coemuHenue TaHTasla YaCTHYHO CPIOTHPyeTcA Ha 
rpanule pasfema das. STO OObACHAeTCA, MO-BHAMMOMY, TeM, 4TO TaHTa OOpa- 
3YeT NOJIMAepHble COCMHCHUA, KOTOPbIe OCaxKLaloTcs, HO He PaCTBOPAIOTCA B Op- 
ranwueckom cyioe. B o6nactu pH 6—9YQ fanuble NO SKCTpakWMu TaHTaJa WI0XxO} 
BOCHPOH3BOAMMBI. | 

Hospi MeTOL pa3sieueHusA Obl] MpOBepeH Ha WCKYCCTBEHHBIX CMeCAX HHO-| 
OuA HM TaHTaja. CTranyapTuble pacTBOpbl HHOOMA M TaHTaJa, MpMroTOBJIeHHHIe | 
Kak YKa@3aHO BBIIe, CMeIIMBaJHCb Tepe pasyqeneHuem (pH 4,5—5,0).B kaxxqom| 
CTyYae OLMNH U3 3JIEMEHTOB COMep2xaI PalMOaKTHBHbIM H3OTON. PesybTaTH! 9KcTIe- 
PUMeHTaJbHOM mpoBepKu (Tada. 1) MOATBepxLaloT BO3SMOXHOCTh yCHeuIHOrO H 
ObIcTporo pa3eneHuA HHOOMA HU TaHTala oO cooTHomeHHuA Nb : Ta = 100 :19 
yu). 100. 


AVEW oi cimecmeney ol 


Orjenenne HHOOHA OT TaHTaJia 9kcTpakineH N-6ex30umde- 
HUJPHApOHUNaMubaTa HHOOUA 


B3arto, mr Mimn/vun. moc- | SkcrparupoBa- 
; we SKCTpakUHuu HO, % 
ae Msoron = 
Nb,O; | Ta,O; os haa | NbsOs | TasO, 
10,0 ee) AOeA Nb*% 1164. — | 46070. = 
10,0 O31 100:4 Nb® 1024 — 98,4 — 
10,0 (Oa 100:4 Tals2 0) May? — 0) 
WoO KOLO LAO Nb® 1536 — 98,8 == 
ARON ORO 1:10 Tals2 —_ 2624 — 1,8 
0,1 10,0 4:400 Nb* 1797 -- 97,9 — 
Oe 10,0 4:400 Tals2 32 -- —- eh 
\JuecTHTyT TreOXHMHH H aHasIMuTHYeCKOH XHMHH Tlocrynusio 
um. B. WM. BepHagcKxoro 16 XI 1960 


AxajlemuH HayK CCCP 


UMTMPOBAHHAS JIMTEPATYPA 


'H. Tl. Aanumapun, T. H. Buaumosuu, Copspemendoe cocrosHue aHasuTH- 
YeCKOH XHMHHM TaHTaja HW HHOOusA, Ped). Fok. Ha COBeLl. NO aHau3y pekKUX H MO/JlyNpOBOAHH- 
KOBbIX 3uleMeHTOB, Mang. AH CCCP, 1959. #2W.1I. AnumMapuu, Iss WOus-caH, 
JKAX, 14, 574 (1959); 3aB. 1a6., 25, 1435 (1959); Becru. MY, cep. 2, Xumua, Ne 2, 53 (1960). 
*R.W.Moshier,J. E. Schwarberg, Anal. Chem.,'29, 947 (1957).4 A.K. Maju 
mdar, A. K. Mukherjee, Naturwiss., 44, 491 (1957); Anal. Chim. acta, 19, 23 (1959);} 
21, 2405 (1959). °F. J. LDangmyhr, T. Homes) o," Anal. chim: Actas 2: me 
(1960), © H. Freiser, G. H. Morrison, Annual Rev. Nucl. Sci., 9, 227 (1959)a— 
*IL39 loupe aH, Usyyenne KommmeKcHbIx CoeqHHeHHit PeAKHxX 9amemMeHTOB c N-GexH30nudpe- | 
HHJITHAPOKCHJaMHHOM VM TIpHMeHeHHe HX B aHasHTHYecKolt xumHH, ApBrtopet). KaHy, Huccep-} 
Tauuu, Xumdax, MTY, 1960 
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Hoksagn Akagemuu nuayr CCCP 
1961. Tom 136, Ne 5 


XHMH fl 


tO. B. BACKOB u B. B. NEPEKAJIVH 


CHHTE3 H XHMUS HUTPOAJIJIMJIA 


(II pedcmaenaeno axademuxom M. H. Kabauxuxom I IX 1960) 


fA Equuctsenubim JOcTyMHbIM cimoco6oM NOwlyueHuA HUTpOaIMa — wHTepec- 
Horo MOMyNpOLyKTa pH CHHTese NOJMHUTPocoeAMHeHHH, ABIAeTCA OOMeHHAaA 
eakUHA HOL- UH Opomaua C HATPHTOM cepeOpa (peakuusa B. Metiepa) (',”). 
OCIIpOH3BeeHHe PeakI[MH alleTHJIeHa C HHTPOMETAHOM, IIPMBOALLeH K OOpa3so- 
BaHvIO HUTpOaMMa, BCTpeyaeT 3HAUMTebHbIe TpyqHocTu (*), a cHHTes ero 
AHTPOBAHHEM MPOMHJIeHa MATHOKHCbIO ja30Ta COXKeH NO 9KCHepHMeHTasIbHOMY 
BEINONHeEHMIO (*). 
_ Hamu Opiio HeowKuaHHO OOHApyxKeHO, YTO pH HUTPOBaHUH HOs- u Opoma- 
[Mla TeTpaoKucbio a30Ta B 9Xpupe upH —20° c xopomiuM BbIXooM OOpasyerca 
quTpoanaua (I). BosHukatoujve 3ecb HHTPHJbl Hoa HU Opoma npeBpamarorcs 
3 Coulee CTAOMJIbHEIe TETPaOKHCb a30Ta M MOJIeKYApHble lok (BILeMeHHEI Ip 
AMTPOBaHHU osama) u Opom. IlocseqHHi B MOMeHT NOABJICHHA, B OTAMUHE 
or Wopa, OpomupyeT HCXOLHbIH OpomMasH, Japan 1,2,3-rpu6pomnpomax (II). 
Joapnenue 2-HutTpo-1,3-4MOpomnponana (II1) Moxer ObiTh OObaACHeHO HUTPO- 
‘aJIOreHHpOBaHHeM OpoMaJJIMJIa OpOMHCTbIM HUTPVJIOM. 

IIpuH MOBbIMIeHHH TeMMepaTypbl peakuMH (B Culy4ae HO- H Opomavauaa) 
33aMMOflelicTBHe OOpa30BaBillerocd HUTPOaNa C TETPAOKHCbIO a30Ta MpHBO- 
[uT K cuHTesy 1,3-—HHUuTpONponaHona-2 (IV), KOTOpbIN MOxKHO paccMaTpHBaTb 
kaK |BTOPMUHBIM MpokyKT HUTpoBaHHa. 


l O,N* + Br+CH,—CH=CH, + “NO, 


O,NBr+CH,=CHCH,NO, (1) 


O,NBr—> N,0O, + Bro 


[0,NCH, CHCH,NO, | (lv?) 

i ONO 

° BrCH,CHCH,Br (It!) | BrCH,CHBrCH,Br (Il) 
NO, Q,NCH,CHCH,NO,. (IV) 

. 9 

B avaJOrHuHbIxX yCIOBHAX XJOpaM OarofapxA OoJbiuelH MpOuHOCTH CBA3H 
‘Xulop — yruiepo He OOMeHHBaeT raioreH Ha HUTpOrpymly UW He mpeBpanaetca 
8 HUTpOamMN, a OOpasyeT sub 1-HuTpO-3-xn0pnpomaHon-2 (V). 

B pesyuibTaTe HccIelOBaHHA XMMMYeCCKHX TIpeBpalleHn HUTPOaMIMa Opin 
HOJIY4eHbI BellecTBa, KOTOPbIe JaJIM BO3MO7KHOCTb TOATBepAUTb CTpoeHHe He- 
KOTOPHIX MIpOLyKTOB peakUMH OpoM- u HofanmMsa Cc TeTpaoKHcbiO a30Ta. Or- 
2yTCTBHe 3aMeTHOTO B3aMMHOFO BJIMAHHA [BOMHOM CBA3H HM HUTporpynmpt (°) 
POBOPHT O CO¥eTAHUM B HUTPOaMIe CBOHCTB 9THIeHa H HUTposTaHa. IlosTomy 
2rO HHTPOBaHHe TeTpaOKHCbIO a30Ta 3aBePLINIOCh CHHTe30M 1,3-,MHUTPOMpo- 
| eee 4 BLIJeeCHHOrO B pe3yJIbTATe THAPOAM3a MepBoHauabHO OOpa30BaB- 
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7 
; 
| 
1 


mieroca HuTputa ([Va) Hw ugeHTMUHOrO NpoxyKTy IV; OpoMupoBaHHe Jao equH- 
CTBCHHO BO3MOxXKHIM 1-HuTpo-2,3-"H6pomnponan (VI), usomepupii III, umero- 
UeMY, CJIEMOBATeIbHO, IpesiomowKeHHoOe CTPOeHHe; KOHJeHCalMA c opMavbse- 
THOM TIpHBena K Nomysenuio 2-HuTpo-2-meTuso-6yTeH-3-ou1a-1 (VII), oxapak- 
TepH30BaHHoro AMauetatom (VIII) u qHOpomupom (IX). | 

OrujenseHHeM MeTHIObHOM rpynnpt VII Opi npeppamex B 3-HuTpooyTeH-1-: 
o-4 (X) B COOTBeETCTBHH C JaHHbIMH OosrapcKHxX UcceqoBaTenel (*) — uc- 
XOMHbIM = MpOyKT A cuuTesa 2-HuTpoOyTaquena-1,3. 


CH,OH 
Bro CH,O | 
BrCH,CHCH2NOy, (VI) <— CH, = CHCHgNO,g — CH: = CHCNO2 (VID 
| 
Br CH,0H 
CH, = CHCHCHSOH 
| 
NO, (X) 


OnvcaHHad peak ABJIACTCA lepBbIM IIPHMepOM CHHTe3a HUTpocoesMHe- 
HHH MYTeM 3aMeCTHTeIbHOTO HUTPOBAHHA AJIJIMJIbHbIX TasOreHOMmpOM3BOAHbIX 
TeTpaOKHcbioO a30Ta. Ee MexaHH3M MOXeT ObITb, 10-BHAHMOMY, OOBACHeH Comps- 
XKCHHOW aJIJIMJIbHOH MeperpynmupoOBKoH pu yyacTuu HOA- uu OpoManmusa u 
TeTpaoKcHasota. 

I. Tlonyuwenhue HYTpPpOaATANMA HUTPOBAHHeM OPOM- 
alwmugaga TeTpaokucbio a3orTra. B Tpexropayio kou6y Ha Wandax, 
CHaODKeHHYIO MeIUaJIKOM CO CTCKJISHHbIM MOPLIHEBbIM 3ATBOPOM, C XJIOPKaJIb- 
lMeBOl TpyOKOH, MMHYCOBbIM TEPMOMETPOM H KalleJIbHOM BOPOHKOH c pyOanIko# 
WIA OXNaKeHUA, MOMenaioT 26,2 ma (36 r—O,3 Moma) cBexKerleperHaHHoro 
OpomuctToro aiusa B75 Mi cyxoro supa. B Tevenne 30 MHH. mpu TeMmepaType 
He Bblie —20° 4 CHIbHOM TepemelliMBaHuN mpuOaBasioT 18,3 ma (0,3 moms) 
OXJaxKeHHOW jo —40° Terpaoxucu a30Ta B 10 ma acupa. Tlocme 4-aacosoro 
MepeMeWMBaHUA TIpH STOM TeMIlepaType OKHCJIbI a30Ta HM SUP OTTOHAIOT B Ba- 
KyyMe BOfocTpyHHoro Hacoca. 

IIpoqyktTbl HUTpoBaHua (BEIxox 48 r 90% ‘Teoperuueckoro) npomprBaror | 
HeECKOJIbKO pa3 JMCTHJWJIMPpOBaHHOM BONO, CymlaT Ha cymbcdaTOM HaTpuA 1 
MOABepraioT MeperoHke CHayasla B BaKyyMe BOMOCTpyHHOroO Hacoca, 3aTeM Ha | 
MaCJIAHOM Hacoce: 

I-31 dpakuua: T. Kun. 65—66° (95 mm) saBanerca HUTpoammusom (1). Ero. 
T. Kun. 79—80° (180 mm), np 1,4270, dz? 1,056 (mmr. nanupie: T. Kun. 80° 
(180 mm), np 1,4270, dy? 1,05). Brrxon 10 r, 35% ‘Teoperuueckoro. | 

2-a dpakwusa: tT. kun. 73—75° (3 mm). Tlocne mpompsxku 10% 
PpacTBOpOM COfbl H BTOPHYHOH MeperouKu BblfeneH 1|,2,3-rpu6pomnponau 
(II). Ero vr. Kum. 216° (754 mm), np 1,5840, dy? 1,4215 (nur. yanupie: | 
T. Kun. 218—222° (760 mm), np 1,5835, d;® 1,43). 

3-a dpakuua: T. kun. 110° (3 mm). Tlopropyan meperonka jana 2-HuTpo- 
1,3-qu6pommponax (II). n> 1,5392, dj? 2,10, MRp uaiieno 36,85, Bprauc- 
a panes MOJI. Bec: HalfeHo (90yMocKonMteckH) 241, 225, Bpruncae- 
HO O: ) 


Hatimeno %: C 14,37; 14,69; H 1,94; 2,13; N 5,66; 5,94 
CsH;O2NBrg. Buruncneno %: C 14,59; H 2,04; N 5,67 


_ L ftlomymie mute HUTpOadaauna HHTpOBaHHemM 
HOaAaIMUNaA TeTpaoKucbi a3zorTa. 16,8 r (0,1 Mons) cBexe- 
ieperHaHHOrO B TOKe YrvieKHCJIOTHI Hokamuna B 25—40 ma cyxoro supa HH- 
Tpyi0T np“ —20°, np cubHoM pasmemmBanun 6,1 ma (0,1 Mons) TerpaoKucu a30- 
Ta. Uepes 2—3 Muu. nocue npHOaBeMuA MepBEIxX NOpuMi TeTpaOKUCH agz0Ta HayH- 
HacT BbINeATLCA WOM M peaKUMOHHaA Macca HOCTeMeHHO MpHoOperaer TeMHO- 
Oyppili wBer. [locae 3-uacoBoii BbIep2KKH 11pH —20° nox BakKyyMOM BosocTp yHHoro. 
HacoCa OTTOHAIOT OCTATKH TETPaOKMCH a30Ta H IcUp, a Hox OTMeNAOT PUIbTpPO- 
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BaHHeM. IIpoykTbl HHTPOBAHUA TIpOMbIBaIOT BOs, OOpadaTbIBaloT MeTaJIMye- 
|KO PTYTbIO AA yqaneHusA Hoa, cymaT Hak cybaToM HaTpua Hu Mepero- 
HAT. 

@pakuua 78—80° (180 mm) saBaaetca HUTpoannusom (1). Bprxox 35— 
40% ‘Teoperuyeckoro. OctaToK — TaxKenad Oypasd 2KHIKOCTb, cocTosmaa v3 
TpOLYKTOB HUTpOBaHuA Hosanna. 

Mm Jil Hutposanue xMopandauna TeTpaoKUuCbio 
a3ota. K 24,2 ma (0,3 mona) cBexenepernaHHoro xuopucToro § avwmuna 
B 75 MJ cyxoro supa ip Temnepatype He Bbimle —15° B TeueHMe uaca mpH 
(CHIbHOM pa3MelIMBaHuH npHOaBusioT 18,3 ma (0,3 Moma) oxuaxyeHHOH Te- 
Tpaokucen aszota B 10 mu acupa. Ilocne 4-yacopoit BElepxKKu MIpH 9TOM Temme- 
\paType ocTaTkH TeTpaoKucH a30Ta, aspup M HempopearupoBaBUIMii XOpHucTHIit 
‘aH OTTOHAIOT B BakyyMe BosocTpylnoro Hacoca. Iloce npomblBaHua Ju- 
CTHJMpOBaHHOH BOMOH, BbICYWIMBaHHA M MeperOHKH MpoLyKTOB HUTPOBaHUA 
(spixog 80% Teopetuueckoro) npu 103—105° (5 ma) nomyueHa GecuBeTHad 2xKHI- 
KOCTb — TIpowyxT V. ne 1,485, d®°, 1,450; mow. Bec: Haliqeno 137, BEtuHcaeHO 
139,5. 

b Hatigeno %: N 10,54; 10,70 


os Qa 


; CsH¢O3NC. Brruncneno %: N 10,03 

? 

| IW. l3aunutrponponan-ou-2 (IV). K 8,7 r (0,1 moss) nutpo- 
‘anmuna B50 Mi cyxoro apupa u mpu —15° u cumbHOM NepemeNIMBaHHH B Teue- 
/HMe Tosygaca npwOaBisoT OxMaxeHHEIM pacTBop 6,1 ma (0,1 Moms) tTerpa- 
‘okucu asoTa B 10 ma cyxoro sdpupa. Ilocme 4-yacoporo mepememmBaHua pH 
—10 —15° u yyanenus spupa B BakyyMe BogocTpyiiHoro Hacoca, BbIMAaBUIHe 
KPHCTAaJIIbI OTLeIAIOT PUIbTPOBAHHeM OT XKHAKOFO MpOLyKTa, MPOMbIBaIOT He- 
OombIIMMH MOpUMAMH OXNaxKeHHOrO xsopodopma, 1,3-4uHuTpomponanom-2 
(IV) umeer T. na. 73—74° (u3 asTumauetata), BEIxog 5,2 r, 35% Teoperuueckoro. 
Mou. Bec: Hatijeno mo Pacty 135, 142, spraucmeno 150. 


Hatigeno %: G 24,79; 24,84; H 4,32; 4,41; N 18,80; 18,66 
CsHgOsN2. Brruucneno %: C 24,0; H 4,00; N 18,66 


V. l-HuTpo-2,3-7u6pomnpomnau (VI). 8,3 ma (0,1 moaa) nutTpo- 
alma B 25 Mi cyxoro xmopocdopMa pH pasMelmIMBaHHuH MH OXsNaxKTeHHH 0 
10° Opomuposasuct 5,1 ma Opoma (0,2 moma). Tloce o6ecyBeauBanua peak- 
MOHHOK MACChI yaasicA XMOpopopM u MeperonamH mpu 115° (3 ma) l-HuTpo- 
'2,3-246pomnponauH. Buixog 23 r, 94% oT TeopeTu4eckoro. ng 1,5451, dp 2,10: 
MRp ppmucneno 37,102, naiizeno 37,34. 


Haligeno %: C 14,84; 14,74;3H 21,89; 2,09;-N 5,85; 5,90! 
C3HsO,NBr2.3Baruncneno’ %: C 14,57; & H2-2,04; Nc5,67 


VI. 2-HuTpo-2-meTunon6ytTen-3-0n-1 (VII). B  cmecp 
8,7 r (0,1 mona) cBexeneperHaHHoro HuTpoammuna u 16,5 r (0,22 mona) 40% 
[pacTBopa dopMaHHa TIpH NepemMemMBaHuu oOOaBsioT 50 mr notama. Uepes 
20 MHH. 3a C4eT TeMOTH peakUuu Temnepatypa ObICTpo nosHuManach no 70°. 
[locuie cHuxKeHUaA JO 35°, peaKIHOHHyi0 Maccy pa3sMemuBaroT eure 6 uac. IIpo- 
HyKT peakUMH JBYXKpaTHO M3BIeKAaIOT S*PUPOM; SC*HPHbIe BHITAKKH MPOMbIBaIOT 
HeCKOJIbKO Ppa3 HACbII,eCHHbIM paCTBOPOM XJIOPHCTOFO HaTpHA HM CylIaT Hal mpo- 
(KAaJICHHBIM CyIbcbaTOM HaTpuA. OcTaTOoK — MaCAAHUMCTaA %KHKOCTh 3aKpHCTa- 
JIM3OBbIBAaCbh NOCcIe JBYXJHeEBHOFO CTOAHHA B BAKYYM-9KCHKaTOpe. 2-HUTPO-2- 
MeTuNONOyTeH-3-o1-1 — GecuBeTHbIe KpuicTab, T. mu. 45° (43 xmopodopma), 
iBEIxon, 12,5 r, 80% TeopeTuueckoro. 

Hatizeno %: N 9,41; 9,45 
| \CsH9O4Ns. Buraucieno %: N 9,50 


| VIl. AmetatT 2-HuTpo-2-aneTOKCHuMeTH MECH OYTEH-3- 
| -1 (VIII). 1,47 r (0,01 mona) 2-uutpo-2-metunon6yTeH-3-ona-1 HarpeBaroT 
t yaca c 2,6 r (0,025 mona) yKcycHoro aHruspusa, peaKIMOHHYy10 Maccy BBIVIH- 
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BaloT B BOLY, MPOMbIBaIOT HeCKOJbKO pa3 pa3sO0aBJIeEHHbIM paCTBOpOM MoTalla 
HW BOMOH, M3BUIeKaIOT S:PMpOM, MpOMBIBaIOT S*PMpPHbIt pacTBOp BOMOM HM CymMaT 


20 
cysbcatom HaTpusd. J[ManetTaT CBeTJO-2%KeTAA HAUAKOCTD, Np 1,4610. 


Hatizeno %: N 6,43; 6,35 
CyHy305N. BrruucneHo %: N 6,06 


VIII. 2-Hutpo-3,4-4u6pom-2-mMetTunaoa6ytTanoun-! (IX).] 
Tipu nepememuBannu HW OOsy4eHuH uHppakpacHol samno pactBop 0,875 r| 
2-HUTpo-2-MeTuNOOyTeH-3-o1a-1 wu 0,8 r Opoma B 20 Ma cyxoro Xsopodopma | 
odecrBeunBaica uepes 5uac. ycran Macca mocwle OTTOHKM XOpodopma H OOpa- | 
6oTKH OeH3OJIOM MepeKpHcTaJM30BaHa H3 JMXOpsTaHa, T. Ti. 92°. 


Hafineno %: C 20,39; 19,38; H 2,68; 2,64; Br 51,34; 952,27 


CsHoBr2O02.N. Buruucneno %: C 20,49; ISU SHOE Br 54,04 
JleHuurpagcKuli mearornuecKHi HHCTHTYT Iloerynuso 
um. A. HW. Tepiuena 1 IX 1960 
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XHMHA 


M. MI. FOJIBAUITEMH, E. H. PYPbAHOBA, E. JI. JEJIMHCKAS 
M 4JeH-Koppecnouyext AH CCCP K. A. KOUELIKOB 


SR egy IR EO IC 


AMMOJIGBHbBIE MOMEHTbI OJIOBOOPrAHHYECK HX XJIOPH OB 
M UX CHOCOBHOCTb K KOMIIJIEKCOOBPA3OBAHHIO 


bs 
_ @usuKo-xumuyeckue cBolicrBa OJIOBOOPraHuyecKHX XJIOPHAOB USy4eHBI He- 
cTaTeuHo. B yactHocTH, OME u3 BaKHeLNINX HapaMeTpos, XapakTepu3ytoulux 
MpOAy XMMHMYCCKHX CBA3eH — JMNOJIbHEI MOMEeHT, onpeyeseH BCero JIMLIb 
Ji Tpex CoequHeHHii sToro Kacca: (CH 5)25nCle 3,85 D (1), (C2Hs)sSnCl 3,44 D 
) u (CsHs)sSnCl 3,28 D (2). Tlostomy nowyueHve HOBBIX aHHBIX, XapakTepu- 
YIOUHX MOAApHEIe CBOLCTBa 3THXx COoeMMHeEHHH, MpescTaBsaeT camocTosTeb- 
yo 3saqauy. BecbMa HHTepeCHLIM H BaxKHbIM CBOLCTBOM YeTbIPeX X JOPHCTOFO 
MOBa ABJAETCH EO CHOCOOHOCTh LaBaTb MOJIEKYJAPHBIe COeLMHEHH A pasu4HOL 
taOuJIbHOCTH C psxOM BelrllecTB. Ilo-BuquMomy, 3TO CBoiicTBO onpeemsaer ero 
aTaJIMTHYeCKYIO aKTMBHOCTD B peakuMsAX ToJuMepusaunu. TIpeqctapasnocp 
BTEPCCHBIM YCTAHOBHTb, Kak OYleT H3MCHATHCH CIOCOOHOCTb K KOMIMJeKCOOOpa- 
PBaHWIO IPM 3aMeHe aTOMOB xJIopa B SnCla opraHuyeckumu paquKamamn. 

_ B coorpercrauu co cKa3aHHbIM lanHan paOoTa NpoBogxusach B BYX HanpaB- 
*HUAX: ONPeACIAIMCh JMMOJbHEIE MOMCHTHI OJIOBOOPraHH4eCKHX XJOPHIOB ui 
STONOM AMSJIEKTPHYECKON MOAPH3AalHU HCCIEMOBaIaCh UX CMOCOOHOCTH LaBaTL 
oMMvieKcbI. J[HMOJbHBIE MOMEHTEI | UCCJIELYeMBIX CoequHeHUii, HU3MePpeHHBle B 
‘KCaHe, OeHso/le H AHOKCaHe, MpHBeyeHbI B Tabu. |, 


Taonmana 4 


: p 
CoequHenue fae alee AHOK- Y6— Pp fey — Be 
| 

SnClg 0 7°) | 0,87 |3,82@9) 0,87 3,82 

CsH;SnCls Be Se) | AeA I sayersith O25 1,82 

(CgHs5)2SnCle SE OBY || ae De) ee. | = ORUTe 0,69 

(CsHs)sSnCl (3,90) ahet | 3.93 — 0,63 

8 (A-CyHg)2SnCle sD || Payal o—0,03 0,85 

(x-CyHg)3SnCl 3,00 | 3,04 | 4,03 0,06 0,45 


: 
Mosekysa 4eTbipexxuiopuctoro osoBa, M0 aHHbIM 9eKTpoHOrpaduyecKoro 
cenoBanua (*,*), uMeeT TeTpazypuyeckylo KONdurypamuto; ceqoBaTerbHo, 
| TOJIbHBIM MOMEHT ero B Mapax HW B HBAudpepeHTHBIX pacTBOpHTeIAX LOMKEH 
(Tb paBeH HyJIO. OTO noxTBepxKeHO IKcHepuMeHTaIbHO AIK SnCla B rapax 
, B rekcaHe (') 4 B TBepfom cocTosHuu (°). OsnaKo JunOmbHBIIi MOMeHT 
(Cla B GeHs0ne oTMYeH OT HyA: 0,8 D no yanuEm (°), 0,96 D no nanubiM ‘OF 
aJIM4He THMOJIbHOrO MOMeHTa y SnCla B Oen30ue, a TakKxKe H B YETHIPEXXIOPHc- 
M /yrseBowopoye Moc yxKuIO OCHOBAHHeM JIA BbIBOa O IMpaMuabHOH KOH- 
@ypanun SnCla (7). Mii nopTopusu usmepenusa juno/bHoro MomeHtTa SnCly 
SeHSOIe, IPHHAB CHeMMaIbHbIe Mepbl WpPeOCTOPOXRHOCTH OT ToMazaHus Bya- 
, H Halim ero paBunm 0,87 D. Sta Benuunna XOPOUIO CormacyeTcH C JaHHBIMH, 
(WBEJeHHBIMH BBIIIe. 
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Tlo HauleMy MHeHMIO JMMOuIbHbIt MoMeHT SnCl4 B OeH30/1e MOABAAeTCA He 3a 
cueT IMpaMuaIbHO KOHPHTypalluu MOJeKYJBI, KAK 9TO YTBepKMaeTcA B pa6ote 
(7), a 3a CueT OOpasOBaHHA MOJIeKYIAPHOTO COeAMHEHUA YeTbIPeXXJOPHCTOTO 
OJIOBa C OCH30JIOM. 

Bonpoc 0 NMOJAPHEIX CBOHCTBaX MOVJICKYJIAPHbIX COeMMHeHMH UeTHIpPeXx- 
XJlOPpHCTOrO OJOBa HM APyruxX rasOreHuJOB MeTaJJIOB C HeNpeJebHbIMH yrvIeBO- 
jopoyamu u3y4aeTCA HaMH; pesybTATHI OyAyT omyOmuKoBaHEl. IIpu paccmorpe- 
HMM JWMOJbHbIX MOMCHTOB XJIOPOPraHH4eCKHX COCAMHEHHH OJIOBa BeCbMa Cy- 
UeCTBEHHO 3HaTb, COXpaHsAeTCA JIM TeTpasipHueckan KOHdurypalua cBAseH B 
9TUX COCMMHEHHAX WIM 3eCb HMeeT MECTO HCKaxKeHHe TeTPas—pa B pesyJIbTaTe 
MHOTO Tua PHOPUAMsalMN UM CTepHueckux MpenaTcTBuH. Ilo aHHbIM CTpyK- 
TypHoro aHasu3a coequHenua: Sn(CHs)a, (CHs)sSnJ, (CHs)s SnCl, (CHs)2SnCle 
UMeIOT TeTpasipuueckyio KoHdurypaumo (*). [lo-BugumMomy, B uCCJeqyeMbIx 
HaMH COeIMHEHHUAX TakxKe COXpaHAeTCA TeTPadIpHuecKoe HallpaBJeHve CBASeH. 
Ecau 9To Tak, TO JMMOJbHBIe MOMeHTHI CgH sSnCls u (CgHs)sSnCl B rekcaHe ou- 
*KHbI ObITh Ou3KH. PasHuna BO,7 D (Ta6n. 1) cBuyeTeILCTBYyeT O 3HAUUTEJIbHOM 
B3AaMMONelCTBUM St-3JIEKTPOHOB (PCHHJIbHBIX KOJelL c 3IeEKTpOHamH Sn —C]l-cBa-| 
3eH. ; 

JlunOJIbHbIe MOMeHTHI OJOBOOpraHWyecKUX XJIOPHAOB Cc amudaTHuecKHMU 
PaluKaslaMM BbILe LHMOMbHEIX MOMCHTOB COOTBETCTBYIOINMX COeMMHEHHH C (e- 
HMJIbHDIMA pakuKanamu. Ecam MpHHATb JMMOJbHEIi MomMeHT cBa3H Sn — Cl 
BO BCe@X COeCJIMHCHHAX OLMHAKOBBIM, paBHbIM 3,0 D (°), To RunObHEIA MOMeHBT 
cpa3u Sn —C B amucbaTu4ueckux coesqMHeHHAX NO WaHHBIM Aaa (C4Hy)3SnCl 
pape 0,58 D, mo gaHHpim fa (CyHy)2 SnCl, papen 0,63 D, T. e. mpaKTu- 
yecku ofuHaKoB 0,6 D. 

B tbeHuJbHEIX MpOWSBOLHEIX TaKOrO MOCTOAHCTBa He HaOvlofaeTCA; MOMeCHT 
cai3u Sn —C paseo | D, 0,2 Du 0,3 D B Mono-, Au- u TpudeHUMpOMSBOAHbIX 
cooTReTcTBeHHO. B oTsHUve OT asudaTH4eCKUX, B ITHX COeEMMHEHHAX HaGsMOsa- 
€TCA OTKJIOHCHHE OT ALIMTHBHOCTH BCJIELCTBHe B3AMMHOTO BIMAHUA PeHVJIbHBIX 

palukaJOB M aTOMOB xJopa. 

Jlunoubublii MOMCHT YeTHIPeXXJIOPUCTOTO OJOBa B AMOKCaHe paBeH 3,82 
(*°). Bompiiad BeJHIMHa UNObHOTO MOMEHTA CBHJeTeEILCTByeT 00 OOpas0BaHH 

KOMIWJIeKCa’ JIOHOPHO-akllenTop- 

Ta6auma 2 oro tuna. JunosbHbIe MoMeH 

Hi3mepeHua B 6eH307e, cosepmalleM TPeXxJI0- Tbl OJOBOOPravuuecKHX XJIOPH- 
puctoe dexumonoBo (0,0744 r-Moub/J1) JOB B JMOKCaHe TakxKe BBIIIIe 

(ta61. 1), vem B GeH30Ne H IFek- 


| 


Coenqunenne Poo Rp Pounen Aes CcaHe. TlockombKy yccyIe yeMbI 
‘ COeMMHEHHA! He HMEIOT B CBOe 
R cocTaBe aTOMOB BOfoposa, cio 
H-CyHySH 7 
ee ae ne ee ra COOHBIX jlaBaTb BOOpOLHEI 
CH;OH 229'6 | 83 | 3.27| 1167 CBASH, T@ ,MMUOMbHBIA MOMeH 
C2H;O0H 247,23 | 13,0 | 3,37 | 1,67 32}e@Cb He MoxwKeT ObITb NOBHIINE 
CyH30 234,2 | 20,1] 3,22! 1,71  y3-3a oOpldHOrO AMOKCaHOBOr 


adpexta. Tloppiiienue MOMCHT 
B J\MOKCaHe OObBSCHHAeTCA B3aMMOJeHCTBUAMM MOHOPHO-akWenTopHOrO THIIa| 
B Ta6y. | IpHBeeHL! pasHHIb! JMNOMbHbIX MOMeCHTOB HCCselLyeMbIx COeqMHE 
HMM B JIMOKCaHe HW reKCaHe. OTH BEIMYHHbI LO HEKOTOPOU cTeneHv MOryT XapakTe 
PU3OBaTb KOMMNJeKCOOOpasyIOULYIO CHOCOGHOCTh MCCJeOBaHHbIX COeMMHeHUI 
OJIOBa C JMOKCaHOM. Kak BYHO, OHa pa3sIHUHa LIA PasHbIX COPMMHEHUH UM pe3K 
walaeT pH 3aMeve AaTOMOB XJOpa OpranuyecKHMU pauKaJaMu. 
Ilo cnoco6vocTu jaBaTb KOMMWJeKCHI BelecTBa pacnosaraioTca B ps: 


SnCl, » (CgHs)3 SnCl > (CyaH9)2 SnCl2>: (CsH5)2 SnCl2>2(CgHs)3 SnCl,>:(CiH9)3 SnCl. 


[lepBbiM cpeqv wccueqOBaHHEIX OJOBOOpraHu4ecKuX COeAWHEHBH CTONT Tpex 
xJopuctoe PeHuJonoBO. Mpl ucceqOBaNIM KOMMeKCOOOpasyIollly!0 ClOCOOHOCT 
STOO COeMHEHHA C JPyrHMM BenlecTBaMu Oosee TeTaIbHO C MOMOLIbIO MeTOL 
IM3JIEKTPOMeTPH4eCKOTO THTpOBaHUA. 
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B ta6a1. 2 npuBenennt 3Hauenna 
-H3MepeHHBIX B OeH3Oue, 
‘T-MoJb/m). 
1 Kak BHHO, JMMObHEIeE MOMeHTHI OyTHIMe 
‘HalieHHble B NpucyTcTBHH TPHuXJopesuJoNo0Ba, OW3KH AMMOAHBIM MoMeH- 
‘TaM B OeH3oe. Kpome Toro, B STHX cucTeMax HaOMOM2eTcsA NPAMOHHelinaA 
‘S8BUCHMOCTE & (1udNeKTpHUecKas MOCTOAHHAaA) OT C OHOpa B WHPOKOM UE- 
‘TepBayle KOHUeHTpauni. CreqopatTenbyo, 3TH COe]IMHEHHA He [aioT KOMDJIeKCOB 
MOHOPHO-akuenTOpHoro Tuna c TPUXJOpHeHuJOOBom. 
_ Wasa sakovnomepxocts n3menennit ¢ ot C HaOoaeTes B Cyyae WObaBKu 
K PacTBOpy MeTHJOBOrO cnupTa, STHMOBOrO cnupTa u TeTparuapodypaua. Bo 
‘Beex CHCTeMax CHayana HaOsOLaeTca pesKuli poct QMSJ€KTPHYeCKON Mpouuira- 
MocTH pacTBOpoB NO COOTHOMeHHA KOHMeNTpPaluit TpexxJOpucToe PeHUOIOBO— 
gouop |: 2, satem xon KPHBOH H3MeHseTCH. JIMNOHBIC MOMeHTHI coeyMHeHHH, 
HalievHble v3 SKcTpanonaun SKCHEPHMCHTAJIbHBIX JaHHbIX, OTHOCAIMHXCA K 
HepBow yacTH KPHBOH, NoYTH B Ba pasa TIPeBbIMAalOT JUTMOJIbHLIE MOMCHTHI CO- 
OTBETCTBYIOINNX COeHHeEHUi B GeH30.1e (Ta61. 2). Stu cbaxret CBUETEIbCTBYIOT 
(06 o6pa3s0BaHuy KOMMeKCoB AOHOPHO-akuenTopHoro Tuna B HCCTe_yeMbIX 
icucTemax. 
_ ‘M3 avanu3a qanupix ¢ — C moxuo cnenath BBIBO, YTO Npotlecc KoMMIeKCO- 
oOpasoBanua 3nech He SaKaHYHBaeTCA NPUCOeMMHeEHHeEM JBYX MOseKyA LOHOpa, 
a IIPOUCXOLUT NanbHelimee B3auMOselicTBUe KOMMeKca Cc OOaBJIAeMbIM BelLeCcT- 
‘BOM. ° ; 
J{MDOJbHEIe MOMEHTEI KOMNeKCOB, HalieHHBIe 13 SKCTPanowAWHH JKcHepU- 
MEBTAJIBHBIX JAHHBIX, OTHOCHINMXCA K NepBOi yacTH KpuBoli (e —C), paBHBI: 


CgH;SnCls-2CH;0H => 6,36D, CgH;SnClg-2C;H;OH => 6,47D, 
CgHsSnClg-2C,Hg Oj 6,29D. 


_ Ecam karanuTuueckaa akTuBnoctp YeTbIPCXXJIOPHCTOFO O0Ba B peaKINAx 
MOJMMepH3allnu KaK-TO CBA3aHa C ero CMOCOOHOCTHIO JaBaTb COOTBeTcTBYy10lIHe 
KOMIWICKCbI, TO Ha OCHOBaHHM MOJYYeHHEIX Pe3YbTATOB MOXKHO OXKULaTb, UTO 
IM HEKOTOPBIe OJIOBOOpraHnueckne XOpHAbI OyAYT B STOM CMbICIe AKTHBHBIMH. 
M3 uccnenopanHprx coenuHennti sto Mpe*Ke BCerO OTHOCHTCA kK Tpexx,0pH- 
cTomy dexunonoBy. Bo3smoxKHO, 4TO HM MOCMeAOBATeEMbHOCTh U3MeHeHU KaTaju- 
THYeCKOH AKTHBHOCTH HCCEOBAHHBIX B HacTosuteli paOote coeluHeHuit on0Ba 
OyeT Tako xe, Kak 9TO NpHBeeHO BIE WA KOMILJIe€KCOOOp a30BaHHa. 


AMNMOJbHBIX MOMEHTOB pala coequnennit, 
ConepxKallleM TpexxopucToe deHusonoBo (0,0744 


PKanTaHa HW WuOyTuIcyHEduna, 


usuKko-xumuyeckuii HHCTHTYT Tloctrynuso 
yM. JI. A. Kapnosa 15 XI 1960 
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M. B. TOPOBHIL « H. K. ABYBAKHPOB 


HOBbIM CHHTE3 19-HOP-11-E3OKCHKOPTHKOCTEPOH-ALLETATA | 
(I1pedcmasaeno axademuxom M. M. Ilemaxunoim 6 1X 1960) 


Bnepspie 19-Hop-11-ye30KcHkKopTHKOCTepOH-alleTaT Obl CHHTe3HpOBaH Opex-| 
miTeliHom (1) 43 cTpodaHTHAHHa, HO aMOpdHbIM MpOAyKT, COCTOAMMA, OVeBHI- 
HO, H3 CTepeOH30MepoB, OHOMOFHYeCKOH AKTHBHOCTbIO He OOsasa. IlosxKe Apy- 
rad rpynna uccmeqopateneli (?,*) ocymecTBusia CHHTe3 19-Hop-11-e30KcHKOpTH-| 
KOCTepOH-alleTata, ucxoya H3 19-Hop-17-9THHUM-TecTOcTepoHa. I[lony4eHHoe | 
BeULECTBO OKA43aJI0Cb B Ba pa3a AKTHBHee MpHposHoro ropmoua. BapOep u 
Spenuiteiin (*) Ha ocHoBe cTpopaHTHyMHa TakxKe CMHTesupoBanH 19-Hop-11-ye-| 
30kcu-10 ¢, 14 B, 17 a-KopTuKoctepou. Kak 9TO CBOHCTBeEHHO BC€M KOPTHKOCTEe- | 
poujam 17-v30pafla c WHC-coueHeHHeM Koel, C uv D, CHHTe3HpOBaHHoOe CoeqH- 
HCHHe 3AMeCTHbIM MHHepaJIOKOPTHKOHAHBIM JleHCTBHeEM He OOsajao. | 

Ha ocnobe cTpodaHTHHHa HaMH OCYyeCTBIeH HOBbIM CHHTe3 19-Hop-11-ne-| 
30KCHKOPTHKOCTepOH-alleTaTa C KOHHrypallMeH, COOTBETCTBYIOMeH MpHpOHO- | 
My 1|1-2e30KCHKOpTHKOCTepoHy. 

JlakKTOHHOe KOJIbILO CTPOPaHTHAHHA OblIO NpeBpauleHO B G-KeTOJIbHY!IO LWe-| 
TOUKY MYTeM OSOHHPOBaHHA. Y CepseuHbIX aLJIOKOHOB 3Ta peakUHA OObIMHO 
(°,°) ocymecTBAAeTCA B TpH cTaquH. OOpasyrouuiica Ha NepBOM CTaqHH O30HH], 
BOCCTAHABJIMBaeTCA WMHKOBOH MbIvIbIO B YKCYCHOH KHCOTe AO 9cPupa PHOK- | 
cayleBoh KHcOTHI. [loceqHuH NOX BO3,eHCTBHeM OuKapOOHaTAa Ka/INA B BOXHOM 
MeTaHOJIe OMbIJIAeTCA JO KeToa. BokoBaad wenb mpuH Cy; coxpaHsAeT Mp 9TOM 
f-opHeHTalHio, XOTA HMeIOTCA JaHHble (‘), YTO MPH WeNOYHOM FHApomnse He 
HCKJIO“eHA BO3MOXKHOCTb ee M30MepH3auHH. I]pH MATKOM KHCJIOTHOM FHApOH- 
3e H30MepH3alHA (cm. (*)) He MpoucxoguT. 

B HauiMx onbirax mpowecc NpeBpalleHHA aKTOHHOrO Kobi (I) B a-KeTOVIb- | 
Hyto OoKoByro Lemb (V) mpakTuyeckH bil OCyIeCTBIe€H B OHY CTayHIO. | 
Pactsop cTpodautTuguna (V1) B alleToHe O30HMpoBasicA MpH —72° to NOABMeHUA 
rowy6oH okpacku. AuleToH ucMapssicd Np KOMHaTHOH TemMepatype, OCTaTOK 
pacTBOpAJICA B BOJHOM 9TaHOJIe HW Obl OCTABJeH JIA MeIeHHOrO HCnapeHusa 
mp 36—37° na 2—3 qua. [lo-BH_HMOMY, Mp 3TOM MOCeLOBaTeIbHO TIpOHCxo- 
WAT CyleqyroulMe peakWHH: pacnag osonnsa ([1]) c o6pasoBanuem adupa riHoKca- 
Jiepow KucsioT (II1), okuceHHe ambserHqHOu rpynnbl riwHOKCameBOH KHCAOTHI | 
lO KapOOKCHJIbHOH, CAMONMPONSBOJIbHbIM THApOMH3 OOpas0BaBuierocaA KHCOrO 
apupa wjaBeneBoH KucuOTHI (IV) 0 KeTona (V). To, 4To mponecc mpoucxoxuT 
MMeHHO Tak, MOLTBep2kKaeTCA TeM, UTO B MATOUHOM pacTBOpe Moce OTLeIeHuA 
KeTOJIa OOHAPY?KeHa WlaBeleBaA KHCOTA, HACHTH*UIMpOBaHHad B Bue aHH- 
wpa. 


O. 
CH, CO i y fe) on ‘co ty ‘co CH,OH COOH 
O- el CHO | CH, CO ei CH, CO * coor 
-p-p " 
OH 


(1) (11) (IN) (Iv) (Vv) 
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_ OjHoppemenno wav mpu o30HMpoBaHun (cCTpopanTHqHH yxKe Ha Bo3syxe 
_JerKO OKHCAAeTCA NO cTpobaHTHAMHOROI KHCJIOTbI), HIM Mp OKHCJICHHH aJib- 
‘ACTHAHOK Tpynnbl rHOKcaeBOl KUCNOTHI albyernqHaa rpynna npu C,, oKxu- 
_CAAETCA NO KAPOOKCHIBHOM, TAK YTO KOHEYHEIM NpOLyKTOM O3OHHPOBaHHA ABJIA- 
-etca 3B, 5, 14, 21-Tetpaon-20-OH-14-n3onpernan-19-Kap6onopaa KucmOTAa 
C.,H320, (VII) c tr. na. 216—217° x lot = + 64,8°+ 1° (C = 2.59% 
B MeTaHOe). Brrxon 68—70%. 

C ykcycHbiIM aHrH~pHoM B NMpHANHe nonyuennas TeTpaOKCHKeTOKHCIOTA 
(VII) gaer quauetat (VIII) ct. na. 208—209° x [a] = + 40,2°+ 0,5° 
(C = 1,66% 8B meranone). 


HCI 
OH -H,0 


(VI) (VII) R=H 
(Vill) R=COCH, 
FELOR Spore 
1 co co 
ae RG 
HO O HO O 
\4 \4 
Cc (a 
(CH3CO),O H,/Pr 
R 
OH nO OH 
(X1) R=H, (X) (XII) R=H 
R'=COCH, (XIV) R= COCH, 
(XII) R=R =COCH, 
Ho/Pt ; 
CH,OR mpeiseey 


HC—OR (?) 
H3C 


(XV) R=H; X'=COCH, 
(XVI) R=R'=COCH, 


(XVII) 19-nop-th-aesonen- 
KOpTMKOCTepOHuue rat 


Ha Bropoli crayuu cuntesa Jerug{paranua rH{poKcubHO rpynmbt mpu Cy,, 
weyukecTBJeHHAaA HarpeBaHvem BenjecTBa (VII) c 1%-m pacTBopom xsopu- 
‘Toro BOMOposa B MeTaHOse, IpHBena K aMopdHomy MpogyKty (X). Ognospe- 
fEHHO HaOwOZa10Cb OOpasoBaHHe B HeOOsbUIOM KOvIMYecTBe (I—1,5%) pyroro 
letpaibHoro nposyKta Cy; H39O, (1X) c 7. m1. 265—268° u [a]p?®= + 164,5°-- 
£2,.5° (C = 1,48% B mnupnyzuHe), KOTOpbIH, T0-BHJMMOMy, sBsseTca 19,8- 
iakronom§ 3, 5, 8, 21-Terpaon-20-OH-14-npernan-19-KapOonoBol KHCOTHI 
(MeeT CTpOeHHe, aHaJOrHyHOe MaKTOHY CTpodaHTMAMHOBOH KUCHOTHI eens 
akxe JIAKTOHY, MOYYeHHOMY B CXOMHBIX YCOBHAX MIpH ern~paTanun 
8,5, 14-rpnon-21-nop-14 B,17a-npernau-19,20 quKapOonosoH KucaotEl (4,1), 
_ AueTuauposanve TpHOKcHKeTOKHCAOTH (X) MpOBOAMOCh ZByMA Cnocobamnk: 
KBUMOJI€KYAPHbIM KOM4eCTBOM (TOUHee 1,25 r-MomM) yKCyCHOrO aHrHypuna 
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MU W3ObITKOM yKcycHoro aHrumpuna. B o6oux CiydaAax MpORyKTbl alleTHJIMpo- 
BaHusa Obl amopdubimu. [Ip ucnpiTaHuu MeTOAOM pacipeyeiHTebHOM Xpo- 
matorpaduu ..(cucTema: Xslo0popopM — (bOpMaMu; MpOABUTeIb — ULesIOUHOM 
pacTBop 3,5-.MHUTpoOeH3OHHOH KUCJOTbI) BeUeCTBO, MOJyYeHHOe HCuepNbIBAa- 
FOULMM ALLETHIHPOBaHHeM, OblIO MeHee MOMAPHbIM HW AaBao Ha OyMaxkHOH Xpo- 
MaTOrpaMMe IIATHO,- PaCMO/IO*KeHHOE 6amxKe K pouty (R;= 0,88 + 0,03), 
ueM MpOLyKT HeNMoIHOrO alleTHMpOBaHHA (R; = 0,69 -- 0,02). CneaoBateub- 
HO, BeleCTBO, MOMyYeHHOe C H3ObITKOM YKCYCHOTO aHTHApHya, ABIACTCA aua- 
I{eTHJIBHBIM MpOH3BOMHbIM HM eMy orBeuaeT popmysa cTpoenua (XII). Lpyroe 
AIeTHbHOe MpOW3BOHOe MOJKHO ObITh MOHOALeTaTOM, H, TIpHHuMad BO 
BHYMaHHe, UTO MPH Ce/IeKTHBHOM AleTHIMPOBAaHHH B NepBylO Ovepeyb alleTH~ 
jIMpyeTcA NepBUYHbIM THApOKCHJ MpH Co,(°), emy CuleqyeT MpunucaTb CTpoe- 
Hue (XI). 

[THApupoBaHHeM TPHOKCHKETOKHCJOTHI (X) B ykKcycHOH KucsoTe Ha waTHHe 
loulyyeHO KpHcTasIMuecKoe CoeMHeHHe (XII) Cy;H34Og¢ ¢ T. m4. 235 — 237° 


u [a]i§ = 50,0°+ 1,5° (C= 1,40% B MetaHovie). B aHasIOrHUHbIX YCJIOBHAX 
MOHOAaLeTHAbHOe MpoMsBopHoe (XI) Maso KpHCTaJIMMYECKOE BELLECTBO Co3H 3607 
(XV) Cote Thr 198 — 200° u fa]$ = + 129,1°+ 2° (C= 1,27% B MeTaHO.Je). 
Burxox, cavtaa Ha TerpaokcuKketokucnoty (VII) — 12%. Tlpu rugpupoBaHun | 
B KaxkOM culy¥ae H3pacxofloBaHo OKOJIO 2 r-moseH BOMOpOna. STo yKa3biBpaerT 

Ha TO, YTO Hapaky C BOCCTaHOB/eHHeM ABOHHOH CBASH IPH Cy, u Cys Boc- 
CTaHaBJIMBaeTCA TakxKe KeTOHHad rpylilia Np Cy. Tak Kak TH pHpoBaHHe 


A'5_creponzos c B-KoHpurypaumi mpu C,; MpMBOMT, Kak 9TO MOKa3aJIM 
Tinatrnep, Pyxuuka u ap. (4), K TpaHe-Konpurypaliau Kove. C*nr DD) om 
Halo MofaraTb, YTO HM B aHHOM Cylyyae HMesIO MeCTO TlomoGHoe IpeBpa- — 
meHHe. 

Terpaoxcukucnota (XIII) c us6nIrkoM ykKcycHoro aHTHApHya Maer TPH 
anetat Corts. UXIV)% c- teem. ell =e ee ee [a]i$ = + 60,9°+ 2,5° 
(C =1,51% B MeraHose). AleTHmMpoBaHHeM coeqMHeHHA (XV) TakxKe Touly- 
yeH TpHauetaT Cy7H,O, (XVI) ¢ tT. m1. 209—210° x [a] 106,9 +2,5° 
(C = 1,44% B MetaHone). JlioOombITHO, TO KOHCTaHTbl TpHalleTaTa (XIV) 
He cOBMalaiorT Cc KOHcTaHTamu Tpuauerata (XVI). OueBugHo, Npu4HHoro 
TOMY — STIMMepHble Tp Cy9 OKCH-COeAHHEHHA. O crpoeHHv HX TpyAHO CyAMTb. 
Ha ocHOBaHHH ‘pa3HOCTH MOJIeKYJIApPHBIX BpalleHHli MexK]ly CaMHMH OKCH- 
cTepowaMH VM UX aAlleTHJIbHBIMH TIpOH3BO]HBIMH (7, 12, 18) MoxHO TOJIbKO 
cilelaTb Mpesnosoxenne, 4TO NpH Cy) TpHalleTaT (XIV) umeet B-, a coemn- 
HeHve (XVI) o&-KONpurypallHto. 

Tlocnenuui mepexog Kk 19-Hop-11-ne30KCHKOpTHKOCTepoH-aleTaTy (XVII) 
BKOUAeT OKHCCHHe BTOPHYHEIX FHLPOKCHAbHEIX rpynm mpu C3 H Coo HO KeTOH- 
HBIX, MerupaTallu1o TpeTHYHOM PuApOKCHIbHOK rpynnpl npy C,H OTUeMeHNe Kap- 
6oKCHIbHOH rpynul DpwC,,. HpaKruyecku Bce STO AocTuraeTcaA B OAKY CTaHIO 
NyTeM OKUCeHHS CoequHeHHSA (XV) XpOMOBbIM aHTHAPHOM HM HarpeBaHveM Cbl- 
poro NpoLyKTa OKUCNEHHS B NeqAHOH yKcycHoli KucuoTe. BEXoy, CauTaA Ha CO- 
ejuHenue (XV), cocTaBaeT 68%. Ha sToh cTaauu nporecc jlekapOOKCHJIMpOBa- | 
Hus wet serKo. B cuuTe3axc IpHMeHeHHeM CTpotbanTH AMA ero OOBIMHO OCyULecT- 
BIJ HarpeBabHeM BellecTBa B BLICOKOM Bakyyme () HH OOpadoTKOH peakTH- 
Bom )Kepapa (4-14). JlaTb yHOBeTBOpHTebHOe OOBACHEHHE Mex aHu3Ma jleKkap6o- 
KCHJHUPOBaHUA B JaHHOM cCJlygae He MpefcTaBAeTCH BO3MOXKHBIM. MoxkHO 
TOJbKO OTMETHTb, UTO OTULENJeHHe ABYOKHCH yrepoLa MpOvCXOLUT JMIDb NOCHE 
Toro, KaK B MOJeKyJYy BCTyMaeT & — B-HeHAaCbIIeHHad KeTOrpynna, NOMAPHSYIO- 
iad yrviepol-yrmepOlHy!0 CBA3b MexK Ly Cy, H Cy. Mostomy He WCKIONeHO, 4TO 
3leCb Mbl WMeeM JesO C OLHOM B3 PasHOBUAHOCTeH OKNCIJUTebHO-THAPOJHTH- 
yeckux DpeBpamenuh (1). 

' 19-wop-11-1e30KcuKopTuKocTepoH-aleTaT C22H 3004, CHHTe3HPOBaHHbI HaMy, 

npesctaBsseT coOo1 KpHCTaIM4eCKOe BelleCTBO C T. WI. 172—1737 wile) p27? So 
= +144,7°-L1,5° (C= 1,19% B xnopodopme). H.-K. cneKTp xapakTepusyeTca 
CeLYIOWMMM OCHOBHEIMH YacToTamu: 1622, 1667, 1728 cm*. Mornonenue B 06- 
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NacTH THAPOKCHIbHBIX Tpymn oTcytcrByet: Ilo sutTepatypupmm gannym = 19- 
wop-11-nesokcuKopTuKocTepoH-alleTaT, CHHTe3HPOBaHHBIi 13 19-HopaHyzpoctex- 
Auoua (2), umeet T. nut. 173 —174° u [alo = +150° (B xslopodopme). 


MuctuTyT xuMHM pacTHTebHBIX BellecTB Tlocrynuso 4 
Axayemuu HayK Y3CCP, 31 VIII 1960 
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XHMHA 


B. M. FPA3HOB, B. H. WHMYVJIVC u B. J. ATOMOBCKHH 


3ABUCHMOCTb KATAJIATHYECKHX CBOHCTB METAJIJIOB 
OT CTEMEHM MPHBJIMDKEHHSA COCTOAHHA HX MOBEPXHOCTH 
K PABHOBECHOMY 


(ITpedcmaseaeno axademuxom A. A. Bananduneim 17 1X 1960) 


MetanmMueckve KaTaIH3aTOpbl OTHUAIOTCA OT BCEX OCTAJIbHbIX MPOCTOTOH 
XHMHYeCKOrO COCTaBa, 4TO OOJIeruaeT TePpMOAMHAMHYeCKHH aHaJH3 YCJIOBHH 
pPaBHOBeCHA AKTMBHBIX Ie@HTPOB C KPHCTaJIJIM4eCKOH peuleTKOH KaTasH3aTopa. 
M3yseHve KHHeETHKH H30MepH3allHH aJlIMIOeH30a Ha MJIeHKaX MaTHHbI (1), a 
TaKKe Ha MJlaTHHOBbIX, NaaqueBol WM BOJbdpamMoBol npoBowoKax (?) NoKa3a- 
HO, UTO HX KaTaIMTHYeCKaA AKTHBHOCTL COXpaHAeTCA pH TeMMepatypax, KOTO- 
pble IIpeBbillaioT He TOJIbKO TeMMepaTypy MpOABJeCHHA MNOBHXKHOCTH ToBep- 
KHOCTHBIX aTOMOB MeTama (T >0,3 7p), HO H TeMiepaTypy Hadaa 3aMeTHOrO 
pocta Kpuctai0B TR, KOTOpas, KaK H3BeCcTHO (cM., HampHmep,(*)), Aid MeTamIOB 
Onuska K 0,4 Tax. Ha ocHOBaHHM STHX JaHHbIX H CKaYKOOOpa3HOFO yBeJIM4eHHA 
SKCHEPHMeHTaJIbHOH SHEPrHH aAKTHBAHH pH Temmepatypax 0,36—0,38 Ty, 
Obi1O BbICKa3aHO (1,”) Mpe_nouowKeHHe O TOM, YTO MPH AOcTaTOUHOH NOLBHXKHO- 
CTH TIOBEPXHOCTHBIX ATOMOB YyCTaHaBJIMBaeTCA PaBHOBeCHe MexKAYy pelleTKou 
KaTaIM3aTOpa H AKTMBHbIMH IleHTpaMy. 

JlevicTBHTeIbHO, pH HaJIMYHH TaKOrO paBHOBeCHA KOHICHTPalMA AKTMBHBIX 
HEHTPOB OyeT SKCNOHCHIMAIbHO 3aBHCeTb OT TeMOTH HX OOPa3s0BaHHA, KO- 
TOpand BOKeT B 9KCHEPHMeHTAJIbHY!IO 9HEPHIO AKTMBAILMM, pe3KO MOBbINAA ee 
HO CpaBHeHHO C HalileHHOl MpH Oosee HA3KAX TeMMepaTypax BeMYHHOM, OT- 
HOCAMCHCA TOJbKO K KAaTaJIMTHYeCKOH peakILHH. 

O. M. Tontopax (4, °) npoaHanusupopan ycOBHa paBHOBecua HepaBHO- 
BeCHaA pellleTKa < aKTHBHbIe LWeHTpbl, OXapaKTepH30BaB CTelleHb HepaBHo- 
BeECHOCTH KPHCTaJJIOB, KOTOpaH 3aBHCHT OT HX JNcMepcHocTu (HH HepHosa 
MO3aHKH) HM HasIMUMs y peasbHbIX KpHCTaO0B pyrux opm orpanenus, 
YeM y PaBHOBeCHBIX KPHCTaJJOB, BemMYHHOH AA; = Ag — Ar, THE Aco — TeMJO- 
Ta CyOJMMalHH KPYIHbIX, IpaBHJIbHO OrpaHeHHBIX KpHcTaso0B u A,— cpenHAA 
SHEprMA OTPbIBa (Ha MOJb) aTOMOB C MOBePXHUCTH rpaHeli KpucTasma 3ajan- 
Horo Tuna. Mcxoqa us 9sTHxX Mpefcrapnenuli MM paccMOTpeHbI pasmMUHbIe 
BHbl 34BHCHMOCTH KOJIMYeCTBA AKTHBHbIX WeHTPOB OT TeMMepaTypbl MmpoKa- 
JMBaHHA KaTasM3aTopa. Ojnako B m1060M Cilyyae Ip TeMmepaTypax Bbille 
Tr Ah,—-O MM KOHIeHTpalMA aKTHBHEIX eHTPOB O/KHa Oblsa Obl MpH- 
OulMKAaTbes K Kpalive MajOMy 3HayeHHiO, BbITeKalolleMy 13 TeEOpHH edeKToB 
AJA WeabHbIX KPHCTaJOB. 

IIpHBeqeHHbIe BHILIe SKCMePpHMeHTAJIbHble aHHble O HANIHYHH KaTaJMTHUe- 
CKOH AKTHBHOCTH MpM TeMiepaTypax Bbille 7'r HeIb3A CBA3ATb C TeM, uTO AA, 
CYMLECTBEHHO OTJIMUACTCA OT HYJIA, TAK KaK KaTaM3aTOPbl MOABeprasucb CH- 
HIKOM 2KECTKOH TepMooopa6orke. Jia OObACHeHUA STHX Pe3ybTATOB Oblwa 
BLIABMHYTa (*) rMmOTesa O TOM, UTO AKTHBHBI€ WeHTPE, HAXOLAMMeCA B PaBHO- 
BeCHH C pellleTKOH KaTaH3aTOpa, OOMaLaIOT ABYMA MOCTyNaTebHBIMM CTeneHA- 
MM CBOOOAbI. Kak H3BeCTHO, aCopOupoBaHHble aToMbl MOJI€KYJIbI B HEKOTO- 
PHIX CJlyuanxX MOPYT pacCMaTPHBAaTbCA KaK ABYMepHbIM ra3, OOa_aioulMi 3HT- 
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ponveH AByMepHoro mMoctTynaTenbHoro ABHxKeHHA. OpHaKo B pa6otax mo Teo- 
‘PH Mpoleccos ucnapeHusa MeTanmM4ecKHX KPUCTAaJVIOB (HanpHMep, (‘)) 9HTpo- 
‘Tiwei nocrynatTeibHoro ABHxKeHUA MpeHeOperaror. O. M. Tlontopax (*) Ttakxe 
He paccMaTpHBal SHTPONMM MOCTyNaTeAbHOrO ABWKeHHA ATOMOB TO TIOBep X- 
‘HOCTH KpucTasia. YuTsa 2xe 9TY BeNMUMHY, yaeTcCA OODACHHTD HaMUMe KaTa- 
SIMTHYECKOH AKTHBHOCTH MPH BbICOKHX Temmepatypax. [IpeqaKcnoHeHTH! KOH- 
‘CTaHT CKOpocTeH W30MepusalMH aWIMIGeH301a Ha MaTHHOBbIX TWwleHKaXx, a 
TAKKE Ha MPOBOMOKAX MNAaTHHbI HW MaWaqUA, BeIYMCJIeHHbIe Ha OCHOBaHHH yKa- 
SaHHOM THMOTEeSbI, YROBMETBOPHTebHO COrsacyloTCA C IKCMepHMeHTA/IbHEIMH ele 

Ecam w3y4eHne KHHeTHKH KaTaIMTHYeCKOM peakIMH B OcTAaTOUHO LHPpOKOM 

AMamazoHe TeMNepaTyp MO3BONAeT CYAMTb O CTeNeHH MpHOMKeHUA K PaBHO- 
\BecHIO: AKTHBHBIX ICHTPOB C pelleTKOM KaTaNH3aTOPa, TO 9TOT MeTO MO>xKHO 
MCHOMb3OBaTb [WIA BbIACHCHHA BIMAHUA TeMMepaTypbl H ycuOBMi npe_BapuTemb- 
HOH TepMH4ecKOH OOpaOoTKH Ha KaTamHTMYeCKHe cBOlicTBa MeTaua. B uact- 
‘HOCTH, Mp TemmepaTypax, He OOecneyMBaioulHX OCTHKeHUA paBHOBecHOlt 
‘KOHILCHTPallMH AKTHBHBIX ICHTPOB, CTeMeHb MPHOMMKeHHA K Heli JOuKHAa 3a- 
BUCeTb PlaBHbIM OOpasoM OT CKOpPOCTH OXNAxKJeHUA KATAaNH3aTOpa, BbIepKaH- 
Horo pu Gonee BbICOKOM Temnepatype. Ilocute ObICTporo OX1axKeHHA KaTasH- 
3aTOpa KOHICHTPallMA AKTHBHBIX IeHTPOB OyyeT CHJIbHee OTMMYATHCA OT paB- 
HOBeECHOH, 4YEM MOCIe MeAeHHOrO OXxvlaxKeHHA. 
_ B cayaae KaTanuTMueckoli aKTHBHOCTH aTOMHBIX CTPYKTYp H3 passM4HOrO 
KOJMYECTBA ATOMOB, CKOPOCTH YCTaHOBJIeHHA HX PABHOBECHbIX KOHI[eCHTPalHli 
‘OyAyT HeoguHakosbimu. Ilo-BuuMoMy, 9Heprua aKTMBaLWMM Mpomecca ycTaHos- 
JI@CHHA PaBHOBeECHA OyeT BOSpPacTaTb OT MPOCTbIX I[CHTPOB K COKHBIM. IosTO- 
My C MOBbILIeCHHeM TeMIepaTypbI MpH MpOyHX PaBHBIX yCOBUAX OyyT JocTu- 
TaTbCA PaBHOBeCHble KOHWEHTPallMH CHaYasa MPOCTHIX, a 3aTeM OoyIee COMKHBIX 
denTpos. M3menenve COOTHOWIeHHA KOHICHTPalHli pa3IMYHbIX AKTHBHBIX LeH- 
‘TPOB IIpWBeeT K H3MCHEHHIO H3OuNPaTeIbHOCTH JeliCTBUA KaTaM3aTopa. 

Omngaemble asppekTh! ObWIH OOHapyKeHbI Ip u3y4eHHH MpeBpauleHnit WuK- 
JOrekceHa Ha MieHKe MaTHHbI. Korga mieHka MaTHHbI HarpeBaslaCb He BBIILe 
500°, Ha6moqanoch JerHApupoBanHe WHKOoreKceHa Jo GeH30W1a. IIpu Temnepa- 
Typax 290—485° skcnepHMeHTaIbHad 9HEPrMA AKTHBAILHH STON peakuMH paB- 
Ha 23,7 + 0,5 kkau/mMomb. Ilocne narpepaHHa MWVIeHKH B BbICOKOM BaKYYMe 
npu 700° yaksoreKce HayHHaeT MpeBpamaTecaA Ha Heli C 3aMeTHOM CKOPOCTHIO 
TOJIbKO NP TeMMepatypax Bpiue 450°, npuuem oOpa3yerca WHKIOreKcalHeH- 
1,3. CormacHo 1u310%KeHHOMY BBILIe, 9TO MO3BOAAeT CUHTATh AKTHBHBIC Il@HTPHI, 
Ha KOTOPBIX MpOHCXOAMT AeruypupoBanne Jo Sen307a, Ooee COXHKHbIMH HM IIPH 
Temnepatypax jo 700° repMoyMHaMM4ecKH MeHee yCTOMUMBHIMH, 4eM LeHTPHI, 
OTBETCTBEHHbIe 34 OOpasoBaHHe WHKNOreKcaqMeHa 3 IMKoreKcena. Coxpaue- 
‘HHe 3THX Oosee COXKHBIX WeEHTPOB mpH 500° yKa3bIBaeT Ha BHICOKY!O 3HEPrHio 
AKTHBaUMH Mpolecca HX pa3pyluieHusA. 

Jinx 2ByxX CepHii ONbITOB C MOBbIMeHHeM Temmepatypb 20 600° sKcnepumen- 
TaJibHad SHEPrHA AKTHBaNMH OOpas0BaHHA WHKOrekcayueHa mpH 520—600° 
‘coBnayaeT MH paBHa 60 kxkau/Moub. IIpu 6oee HU3KHX TeMiepaTypax aKTHB- 
‘HOCTh KaTasIM3aTOpa yOblBayla, H B TpeTbeli CepHM OMbITOB 3KCMepHMeHTasbHaA 
SHepruA AaKTHBauMN cocTaBHia 60 kKaJI/MOb BO BCeM JHama30He TemlepaTyp 
oT 450 fo 600°. Sto yKa3piBaeT Ha yCTaHOBJIeHHe paBHOBeCHOM KOHIeHTP aH 
‘AKTHBHBIX ICHTPOB, 4TO MOMTBeEPxXaeTCA COBMAeHHeEM Pe3yJIbTATOB, MOJy4eH- 
‘HBIX pu 544° yo u nocue onbita mpu 600° B TpeTbei cepun. Korya xe aKTUB- 
‘HOCTb KaTaM3aTopa mpu 544° onpefxenAmacb HepaBHOBeCHbIMH WeHTpaMu, OHA 
yOuiBana, mpHO1mxKascb K ypoBHio, KOTOpbIii Obit HaliqeH B TpeTbell cepuH 
\OTIBITOB. 

Tlocue «3akaiKH» MwIeHKH (oxsaxKyeHue oT 700 yo 460° B Teuenne 4 muH.) 
SHeprvA AKTHBAILMH OOpas0BaHHA WMKIOrekcayMeHa pH TeMMepatypax HxKe 530° 
MOHH3Macb 0 26 KKaJI/MOJIb H AKTHBHOCTD IJICHKH pe3KO BO3pPOcua, a B OOaCTH 
Ooulee BLICOKUX TeMMepaTyp STH NapameTpbl OcTamucb mpexkHuMH. CuelyerT or- 
MeTHTb, YTO PaSHOCTh SKCMepHMeHTAAbHLIX 9HeprHii aKTHBanuu 60—26= 34 
KKaJ/MONb OKa3alacb TaKOM Ke, KaK JIA M3OMepH3allMH aHIOeH30Na Ha 
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WWwieHKax WwaTuubt (1). Sto nosBomseT MpeANOMOKUTb, 4TO OO peakWHH ULYT 
Ha PaBHOBeCHbIX AKTHBHBIX WeHTpaxX OfHOro TuMa. Ec HepaBHOBeCHbIe aK- 
THBHbI€ WEHTPbl, KOTOPble NOABJAIOTCA NOCJe 3aKaJIKM WIM B Mpouecce CHHTe3a 
KaTasu3aTOpa, MMeIOT TY 2%e MpHposy, YTO H HAaXOMAMMeCA B PaBHOBeCHH C 
peweTKol KaTanu3aTopa, TO TemoTy OOpas0BaHuA MOCNeqHX MOXKHO ONpese- 
JUTb C MOMOUIbIO cbopMywbI (8) cTaTbH (*) MO Ppa3HOCTH SKCNeEpHMeHTA/bHbIX 
3HeEprHi AKTHBANMH Ha PaBHOBeCHbIX H HepaBHOBeECHbIX AKTMBHbIX WeHTPax. 
Ji BbIACHeHHA MeXaHH3Ma OOpa30BaHHA M3 WUKJIOrekceHa WIM OensONa 
HJIM WAKsOreKcayHeHa, B 3aBHCHMOCTH OT yCJIOBMM MpHroTOBJIeHHA HM TepMO- 
oOpaOoTkH MeTaMYeCKOrO KaTav3aTOpa, HeOOXOJMMO CHelMa/lbHOe Mccie- 
yopanve. Ha cynecTBoBaHve TaKOli 3aBHCHMOCTH YyKAa3bIBalOT MpMBeeHHbIe 
BbIlUe JaHHble, a Tak%Ke UX CpaBHeHHe C Pe3yJIbTaTaMM ONbITOB Ha MeHKax 
na/WayquA M WwWaTHHbl, KOTOpble He HarpeBasHCb Bbilue 200°. Tak, Ha NneHkax 
nayiiayua (') npa Temnepatypax ot 50 yo 150° wukorekceH_He Jeruspupyetca, 
a IipeBpaujaeTca CoFacHO ypaBHeHHi0: 


yt 


3CsgHj0 — CgHe + 2CgH yo. 7 (1) 


STO MOJHOCTLIO COBMaaeT C pesybTaTaMu, NowyyeHHpMu H. J. Semmuckum # 
lr. C. Tlapnospm (') c akTHBHBIM MaJlaMeBLIM KaTaIM3aTOPOM, Ha KOTOPOM MIpH 
Goulee BbICOKUX TeMMepaTypax HaGIOLaNOCh Aer“spupoBanue. CreneHb} mpe-| 
BpauleHHA WMKMOreKceHa NO ypaBHeHHIO ~ hal id 

Ey. _CeHyo = CeHg + 2Ha " iy (2) 


Bospactaya oT 1% npu 164° qo 89% npu 320°. B katanusatTax He Obino Haiiqe- 
HO HEMpeJesIbHBIX YruIeBOJOpOOB, NOSTOMY CYMMa IIPOWeHTOB NpeBpawenua 
WMKOrekceHa 10 ypaBHeHusaM (1) u (2) ouKHa ObITb OHN3Ka K 100 npu AaH- 
HOH Temnepatype. ConoctaBjieHHe MpOWeHTOB MpeBpalleHuaA mo peakuuu (1), 
BbIUHCJICHHBIX 10 NOKa3aTeJIAM MIPeJIOMJICHHA KAaTA/IM3aTOB, MpMBeJeHHLIM B 
cTaTbe (*), C HMeIONIMMHCA TaM NpOWeHTAaMH JerHApHpOBaHHA NOATBEpAMJIO STO. 
Ananoruunpi pesyrbtaT nowyuuim B. B. Epodees u H. B. Huxucboposa (°) | 
MIpH M3yYYeHHH NpeBpalleHHA WHKMOTeKCeHa Ha MeJHbIX KaTaM3aTOpax: C HO- 
BbILIeHHeM TeMMepaTypbl OT 249 no 350° npoweHT npeBpalleHuaA 10 ypaBHeHHI0 | 
(1) yOpiBaeT, a NpoweHT JeruapupoBanua yBewmunBaeTca. Cutan, cormacHo. 
MyJIbTHNeTHOK TeopHu A. A. Banangznua (1°), aro npouecc (1) ocymyecTBaaetcs | 
Ha TpunseTax, a mpomecc (2) — Ha AyGeTax, aBTOpbl OObACHAIOT yKasaHHble 
pe3yJIbTaTbI YMeCHbUICHHEM KOJIMUeCTBA TPHIVIeTOB MO CpaBHeHHIO C KOJMUeCT-| 
BOM J{yOleTOB Ip NOBbILMeHHM TemMepaTypbl. Yuutpipan januple (1!) o 3nauH-| 
TeJIbHOM MOLBYH2KHOCTH ATOMOB 10 NOBepXHOCTH MejH pH TeMnepaTypax KaTa- 
JIMTHYeCKUX OMbITOB, b. B. Epodees u H. B. Huxucopora (°) paccmaTpupaor 
MYJIbTHIMWI€Tbl KaK HeYCTOMYMBLIeE ATOMHbIC arperaTbl, KOJIMYCCTBO KOTOPBIX 
MOXET ONpPeMeATHCA YCMOBHAMM PABHOBeECHA MeKJy MYJIbTHMIeTaMH HM KpH- 
CTaJIJIOM. ‘ 

OZHaKO MPOTHBONONOKHAA 3aBHCHMOCTb IIPOWeHTOB NpeBpalleHuA MWAKuIO- 
rekceHa 10 ypaBHeHusM (1) uw (2) oT Temmepatypb HaOmoganacb H. JI. Sennu- 
cxuM H I’.C. T]apnoppim (*) npu Temnepatypax ropa3yo HuxKe Tex, IPH KOTOPBIX 
MOXKET NPOABUTbCA NOLBYXKHOCTb ATOMOB MaJvlauA MO MOBepXHOCTH ero KpH- 
cTai0B. Haliqenuoe B padotax (°,°) u3MeHeHHe COOTHOWIeEHHA CKOpocTel peak-| 
HM (1) # (2) C NOBLIeHHeM TemnepaTypbI MOxeT ObiTh OGyCAOBIEHO pasMuHeM 
HX SHEPrHH aKkTHBallMH. CreneHb TOPMOMKEHUA STUX peakINi aqcopOunell mpo- 
AYKTOB NpeBpalieHuA Take MO*KeT ObiTh pasmuuHa. TlostTomy oObsAcHeHue, 
mpeniorxenHoe b. B. Epodeespm u H. B. Huxudoposoli (*), He ABAAeTCA eERUH- 
CTBCHHO BO3MOXKHDbIM. 

IIpeanonoxkenne 0 TOM, YTO NPM HCHON30BaHHBIX B paGote (°) TemmepaTy- 
pax 249—350° (0,39--0,46 Tha Mequ) KpucTasIbI MeIHBIX KaTaJIM3aTOPOB Ha- 
XOMATCA B PaBHOBCCHH C AKTHBHBIMM IeHTpaMH, CoracyeTca C NpHBeeHHbIMH 
BbILMe TAHHBIMH, KOTOPble YKa3bIBalOT Ha YCTaHOBJIEHHe PaBHOBECHOM KOHWeHTpa- 
IMM AKTHBHBIX HWeHTPOB, BeyuWMxX peakiwuio (2), np Temmepatypax Bbuue 0,38 
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Tyo MaTuHE. B uytepBate 0,36+-0,38 Thx ycTaHOBHIOcb paBHOBecHe aK- 
| THBHBIX WEHTPOB H30MepH3allHH aIMOeH3ONa C NVIeHKOM nvaTHHb! (1). MowxHO 
| OKHMATh, TO TA 3AKOHOMEPHOCTh OyeT cipaBeANUuBa UM AIA Apyrux MeTaJJOB. 
_ MHs3noxkeHHoe noka3biBaeT, YTO H3Y4eHHE KHHETHKH KaTasIHTHYeCKHX peak- 
HH B WIMpOKOM JMana3soHe TeMNepaTyp MO3BOJIAeT CYAUTb O cTeNeHH JOcTHxKe- 
}| BMS paBHOBeCHA AKTHBHbIX WeHTPOB C pelleTKOH KaTaIM3aTOpa, Ha OCHOBaHUH 
‘uero OObACHAeTCA BIMAHHe TEPMOOOPaOOTKH Ha AKTHBHOCTb HM U3OUpaTeJIbHOCTh. 
‘JlelicTBUA KaTamusaTopa. 


Mockosckuit rocyfapcTBeHHblii yHHBepcHuTeT Tlocrynuso 
uM. M. B. Jlomonocopa« 16 IX 1960 
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Jloxnaynm Akaygemuu nayr CCCP 
1961. Tom 136, Ne 5 


XHMHG | 


Bb. E. 3AMLIEB, 10. H. WIEAMHKEP u IO. J. KOPELIKOB 


MH®PAKPACHDIE CIEKTPbI WH CTPOEHHE HEKOTOPbIX 
HEBEHSOHAHbIX APOMATHYUECKHX COEJHHEHMA 


(Tpedcmasaeno axademuxom M. M. Lllemaxunoim 30 VII 1960) 


K apomaTuueckuM HeOeH3OHJHBIM COCAMHEHHAM OTHOCATCA, B 4aCTHOCTH, 
TakHe KapOoHHsIcofepxKalwe COeAMHEHHA, KaK TPONOH, AMpeHHMMKONpone- 
HOH M CHAHOHDI. [IpeyqnonaraeTca, YTO ATOM KHCMOPOa B TAKHX COCAMHEHMAX B 
SHAYHTeIbHOH CTeMeHH OTTATMBaeT Ha CeOA S/IEKTPOH UMKa M B Mone sagep 
WHKJ1a OCTaeTCA 6-1 HIM 2-2 S/IEKTPOHOB B COOTBETCTBHH C NpaBusioM X1oKKeA 


(4n + 2) (?). 


C,H 
an R—N—=—=CH 
O | 
[ | . N c— 
\o~ 
C,H; 
CsHs R—N——CH 
@- b= 
N. ~ C—oO™ 
No” 
GH, 


BeyeqcTBue 9Toro cBa3b C = O B TaKHX COeCHHEHHAX JOUOKHA ObITh B 3a- 
MeTHOH CTeNeHH MOJApPH3OBaHHOH. Sta NOJAPH3aWHA CBA3H JOJOKHA CKa3aTbca 
Ha MOMOXKCHHH H MHTCHCHBHOCTH NOJOC KapOOHHbHOM rpynnbl B H-K. cneKTpax. © 

Ilostomy uccmeqoBanue noso- 
Ta6suna 1 2KCHHA H WHTCHCHBHOCTH Kap- 
OOHHJIbHOH MOJIOCbI MOET cuTy- 
XKHTb JIA XApaKTePHCTHKH CTe- 
N€HH APpOMATHUHOCTH 9STHX Coe- 
QMHeEHHH, XOTA BCerga cuekyer 


Muteucusyocta C = O-nonocwi HeKOTOPBIX He- 
OeH30NHEIX apOMaTHY¥eCKHX CoeqnHeHHH * 


MuTeHCHBHOCTD, a 
aE ee ies MMeTb B BUY, YTO Ha HHTeHCH 
Cosmunenne BHOCTb nolocbl C = O morytT 
I OKa3bIBaTb BJIMAHMe HM Apyrue 
C 1 AHOK Cc 
es gucan eal (pakTOpHI. 
Hamu Opium naligennt no0- 
2KEHHA H HHTCHCHBHOCTH TOJIOC 
Pine ta eonponencn te a a KapOOHWJIbHOH rpynmbl B Tpex 
-OTWJICHHO c 
Tponon 1635 cm 0,95 | 0193 | o'g9  COCAHHeHMAX (TponoH, Ance- 
Tponon 1585 cm-2 2,6 (eae ma9 HHJIMLMKJIONPONe€HOH HW 3-9THUI- 


CHHOH) B 2KHKOM M KpHctTas- 
z i H3mepenne HHTeEHCHBHOCTeH MPOH3BOAHOCb MO MeTORYy JIMYECKOM COCTOAHHH HU B pas3- 
yp#ena (*); cnekTpbl 3anmHCbIBasIHCb Ha mpHOope WKC-14. 
JIMYHBIX pacTBopHTeAX (puc. | 
HM Ta6m. 1). 

CpaBHHTebHO BBICOKOe 3HaueHHe Hal eHHbIx uactot C = O B HCCJIEAYeMbIX 
CoeMHeHHAX (TponoH 1635 cm7}, 3-sTucuaHOH 1751 cm~*, AudeHumuK0Npo- 
meHouw 1855 cm7!) w conocraBsenue c 4acrotamn C = O-rpynnbl B HeEKOTOpHIXx 
APYTHX COeqMHEHHAX (GeH30peHOH, Y-saKTOH, a3naKTOH Ap.) (?) He Waror oc- 
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ae ANA 3aKJOUCHHA O CHJIbHOH NOMApusalHu cBA3eH C = O B u3y4eH- 
| HBIX COCHHEHHAX. OHAKO MOCKOJIbKY HCMOMb3OBaHHbIe [IA CpaBHeHHA Ccoe- 
AMHCHHA HE MpeMCTaBJIAIOT TOUHBIX AHAaOFOB HCCuIeLyeMbIX, HaOsO,aemoe 
‘TMoNO*KeHHe H CMelileHHe YacTOTHIC=O He culelyeT paccMaTpUBAaTb Kak OMHOSHAYHO 
| XapakTepu3yioulee CTeNeHb NOMAPHOCTH CBA3H. Bonee npHroHbIMH AA 9sTOL 
‘eH OMKHbI ObITb MHTerpasbHbIe MHTeHCHBHOCTH mooc C =O -rpynnet uc- 
‘CNeAYeMbIX COCAMHEHHH, HOO H3BeECTHO, YTO HMHTeHCHBHOCTh XapakTepucTHue- 


? 4 Bs. 8 10 7, Mut 


Puc. 1. W.-K. cnextppi: / — AupeHHJWHKoNponeHoua (KpH- 
cTalIH¥ecKHi); 2 — 3- 9THJICHAHOHA (KHAKHH); 3 — Tpo- 
moHa (2KHKHH) 


‘CKOFO NMOPOULeHHA B H-K. OONAaCTH B OOULeM C1y4ae TeM OoubUIe, YeM GovIbUIE 
NOJAPHOCTb COOTBETCTBYIOMLeH CBASH. 

ViuterpasibHad WHTeHCHBHOCTb nosoc C = O fudbexuuukKoNponeHoHa u 
3-STHJICHHOHA paBHa 5 — 8 equHuaM, T. e. B 4 — 5 pa3 Bplllle, 4eM y OOpIU- 
HbIX KeTOHOB (~ 2) (4) 4 B 2 pa3a Bblle, YeM y aMHJOB (°). IloBpiiieHue HHTeH- 
CMBHOCTH KapOOHHIbHOH rpynnbl y LupeHHuALAKAONpONeHoHa HM 3-9TH.ICHAHOHA 
10 CPpaBHeEHHI0 C OOBINHLIMH _KCTOHAMH H AMHJaMH YKa3biBaeT Ha OoOsIbLUIYyIO NOA- 
pu3aunio C = O-rpynnbi B H3y4aembIX COeMHEHHAX HM B KaKOH-TO CTerleHH MOJ- 
‘TBepxKaeT IpeqcTaBseHve 06 apoMaTM4HOCTH STUX COeHHeHHM. B oTmMune OT 
JIaHHbIX JIA Ha3BaHHbIX JBYX COeAMHeHHM MHTerpasibHad MHTeCHCHBHOCTH M0- 
gocnt C = O Ana Tponona (K Hel OOpIdHO OTHOCAT Nomocy 1635—1638 cm~?) 
OKa3aacb BeCbMa Maslou (~ 1,0). 

TlonyaeHHblii pesyibTaT TpyAHO OObACHHM, MOCKOMbKY PAX CBOUCTB Tpomo- 
‘Ha YKa3bIBaeT Ha HeEKOTOPYIO ApOMAaTHYHOCTh STOO COeAMHEHHA. 

| Tlo namemy MHeHuIO, OObACHeHHe HaGMOMaoluleHCA AHOMAJIMM 3aKJOUAaeTCH 
'B cnegyromem. Pagom c monocot 1635 cm~! B H.-K. CleKkTpe Tponona HaOmofa- 
TCA BeCbMa HHTeHCHBHAaA Mosoca 1585 cm~?, KOTOpy!0 OObINHO OTHOCAT K KOUIe- 
OaHHAM JBOMHEIX cBaA3eH WHKIa. MBI npexMomaraem, 4TO B JeHCTBUTeIbHOCTH 9Ta 
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MOsOCA MOJIHOCTHIO WIM YACTHUHO CBA3aHa C KONeEOAHHAMM KapOOHHJIbHOH rpyn- 
mbl. Hao cka3aTb, YTO aHaOrM4HOe pacujenseHHe nosochl C = O-rpynnpi Ha- 
6OaeTCA MB CIeEKTpaX CHJHOHOB (B pacTBOpax) MH yYKa3aHHble HAMM HHTeHCHB 
HOCTH ABJIAIOTCA CYMMAapHOM MHTeHCHBHOCTbIO JByX nooc. Ecnu noxcuntaTe 
CYMMapHble MHTeHCHBHOCTH MOoc 1635 u 1585 cm! B TponoHe, TO NomyuatoTcs 
MHTCHCHBHOCTH NopsAaKa 4 eMMHUL, T. €. 3HAYHTEIbHO OOMbIIHe, 4YeM Y MPOCTHI 
KeTOHOB, H mpHOmMxKalollMecA K HaHJeCHHbIM HaMH AVIA AHpeHHJIWNKJONponeHo: 
Ha MW CHHOHOB. Hamu ucceqoBaach Tak2ke OPpOMHCTOBOLOPOsHAaA cOb Ande 
HUILMKNONponeHoua. B cnekTpe 2TOH COM OTCYTCTByeT KapOOHHJIbHaA Nosocal 
1855 cm? w nOoABAAeTCH IWMpOKad HHTeHCHBHaA nonoca 2976 cm7!, o6yc0B-4 
JIGHHaA MIpHCYTCTBHeM B MOJeKYJIe THAPOKCHbHOM rpynmbl. OTH WaHuple co-4 
TUaCyIOTCA C MpeNOXKeHHLIM paHee (°) CTpOeHHeM COWH. 


VuctutyT XHMHM MpHposHEIx CcoeqHHeHH ‘Tlocrynusio 
AxkaylemHu HaykK CCCP 22 VII 1960 


WMTHPOBAHHAA JIMTEPATYPA 


1M. E. Boapuun, Yen. xum., 24, B. 3 (1960). ? IIpumenenne cnektpocKonun 
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i 
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Jloxkxagp Akagemun nayk CCCP 
th 1961. Tom 136, Ne 5 


i XHMH $1 
B. H. MUXEEBA u B. B. BPEMLLHC 


~ W3OTEPMbI PACTBOPHMOCTH FIPH 0°C B TPOHHbIX CHCTEMAX 
j NaBH, — NaCl —H,0O u NaBH, — NaBr — H,0 
(IIpedcmaeaeno akademuxom H. H. Yepuaeeoim 5 IX 1960) 


; Vizotepmpl pacTBopumocTu TpoiHo cuctempss NaBH, — NaOH — H:0, 

JlexKaileli B OCHOBe BCeX BOJHO-COJeBLIX CHCTeM C yyacTHem Oopornypuya HaT- 
Bus, XAPaKTepH3yIOTCA KPUCTaINMZallHel YMCTHIX AMTMApata Ooporuypysa HaT- 
pus, Ge3sBoqHoro Goporuszpuysa HaTpuA uM MOHOrHApaTa -exKoro HaTpa (?,”). 
3 HacTosuleH paOoTe Mbl H3y4asu pacTBopuMocTD mpu O° C B TpoHbIx cucTeMax 
NaBHa — NaCl — H»O u NaBHa— NaBr — H:20. 

Visysenve 3THX CHCTeM MIpescTaBIseT HHTepec AIA YCTAHOBeEHUA ycCuOBUH 
uM dopm Bbifenenua Coporuspusa HaTpHA W3 BOAHEIX pacTBOpoB, cosepxKa- 
TMX TanorenuAbI HATPUA, BOSMOMAKHOCTH NOMYYeHHA HOBbIX TBEPAbIx has c yyac- 
Tuem Oopornspua HaTpuA U atbHeUIeH xXapakTepHCTHKU (pH3HKO- xX AMMyeC- 
Kux cBOlcTB Ooporuazpyza HaTpus HM OoporMApuAKOrO HOHA. 

Jina npemoTapamienua rufposusa SOoporuszpusa HaTpHA UCcCemoBanue pac- 
‘TBOPHMOCTH NpoBosNsocb B 1% BogHOM pacTBope NaOH, T. e. no cyulecTBy 
MBI u3y4anM w30KONMeHTpaTHE c 1% NaOH uersepfyx cuctem: NaBHs — 
NaCl — NaOH — H:2O u ‘NaBHs— NaBr — NaOH — H20, npaxktuyecku 
CoBlasarollve, ofvako, ¢ SoKOBBIMH TpoliHEIMU cuctemamu: NaBHa— NaCl —- 
HO nu NaBH.a— NaBr— H:20. 

B autTepatype Mb He Halliwn cBeyqenHHH 006 H3yYeHHH BbILeHAasBaHBBIX CHCTeM. 
JIumb B pa6ote [toxmaiiepa u corp. (*), NocBAWeHHOH TepMOAMBAaMHyeCKM 
‘cBolicTBamM Ooporupula HaTpus, HMeeTCH yKa3aHve Ha OOPasoBaHHe TBEpPsbIX 
‘pacTBoposB mexay NaBH,-2H2O u coequHennamu NaBr-2H:O u NaJ-2H:0O. 
Tlpu temnepatype 0° C kak Ooporuypuy HaTpHA, Tak XJOPHCTHI WH OpomuctTHlit 
HaTpHit BbILeNAIOTCA H3 BOJHBIX paCTBOPOB B Bue AMI ApaTos, NaBHa.-2H:20, 

-NaCl-2H20 u NaBr-2H2O. Benue +36,4°, +0,15° u +£0,7° KkpucTanu3ytoT- 
Ca cooTBeTcTBeHHO Ge3BonHEIe NaBHa, NaCl u NaBr (’,”). 

B pa6ote npvmeHssca Oopornipud HaTpUs, COfepxKaulMH 99,0 — 99,4% 

NaBHs (no qanHbIM aHaiu3a Ha aKTHBHbI BOLOPON), NONyYeHHEIH WS TeXHU- 

-yecKoro NposykKTa Nepekpuctanusalvel. 43 BOAHOTO pacTBopa C mocsjelywoulen 
“9KCTpakiveli KU AKUM aMMHaKoM. X JOpHCTHIM W OpoMucTHI HaTpWH NPHYMeHAJHCb 
‘MapKu X. 4., Boqa — cBexKequcTHIJupoBanHad. HccneqoBanne pacTBOpuMOCTH 
“HPOBOLHJOCh B U3OTEPMHYECKHX YCJOBUAX, COCTAB TBepon casbi onpesed ACA 
po LIpefnemaxkepcy (°) 4 KOHTpOJHpOBaCA MHKPOCKONBUECKH. Onpejesenue 
colepxKanuad OoporvApHsa HAaTpHA B HKUAKOH tase HB TBEPMOM KOCTATKE? IPO- 
“Bollusocb MeTowoM TuTpoBaHus (!,2). Comepasanne NaCl u NaBr onpejesssocb 
“tuTpoBanuem 0,1 N pactrsopom AgNOs no Mopy. [aa KoHTponA OTCYTCTBUA 
THposusa SoporMApuya HaTpPuA B BOHEIX pacTBOpax raJOrevHAOB BAaTpUA CO- 
gepxanne NaBH, B xuAKoli chase NapasesbHO OnpesenANOCh TAKKE WOLAT- 
| WEIM MeTonom (*) w BEIyHCAsOcb cooTHOMeHHe H/B. Ilo Mepe BospacTaHHA KOH- 
| TeHTpalluu rasloreHHJOB B pacTBOpe STO COOTHOMIEHHE OCTABAOCh NOCTOAHHDIM, 
| yTo NOATBepxKao oTCyTcTBHe ruszposu3sa NaBHa B mpomecce padorul. 

Vizotepma pactBopymoctTu 0° TpolHow cHCcTeMbI NaBHa — NaCl — H20 
| (puc. 1) cocTouT u3 JByX BeTBe, NepeceKalouluxcA B SBTOHHYCCKOH TOUKe 
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B (25,5 ec.% NaBHa, 4,3 Bec.% NaCl, 70,2 Bec.% HO). OcHoBHyto yacTe 
H+) PaMMbI 3aHHMaeT Nose KpucTaIHsatHN OesBoqHOoro NaCl, uTo yKa3biBaerT 
Ha Oonplyio BEICaNHBaIOlLy!0 CNOcOOHOCTb SoporuspHa HaTP¥A B OTHOWeHHH 
xJopuctoro HaTpua. Ecau «yun I Ipettnemaxepca», cooTBeTcTBy10ulHe KpHCTaJ- 


NaBH, 


BSOKO 
LERAAA 


SSS Te 
H,0 % 30 40 50 60 x 70 80 90 Gece. % Nalh 
NaCt-2H,0 


Puc. 1. Msorepma pactsopumocTH cuctembI NaBHa — NaCl — H20 npx 0° C 


J43auuH OesBomHOro NaCl, XOPOWO CXOLATCA B OMHOH TouKe (puc. 1), To ayun, 
COOTBETCTBYIONIME KPHCTAIIUSAaLMH Lpyro TBepgo cbasbi, pacxomsatca; cye- | 
AOBaTebHO, BTOPad BeTBb W3OTepMbI pacTBopuMoctTu AB (oT 0 no 4,3 Bec. % 
NaCl) coorgercrsyer kpuctanavaannn TBepLIX PACTBOPOB Ha OCHOBe JHTHI- 
pata Coporuapugza watpus, N0-BUuMOMy. cocTaBa: Na(BHa, Cl)-2H2O. al 

W30Tepma pactsopumoctu 0° C TpoiHoH cuctempst NaBH,— NaBr — H2O 
(puc. 2) noxasprBaer Ha KPHCTAJJN3allHIO JIMUIb OLHOH TBEPON caspr — Helpe- 
PHIBHOrO TBeporo pacTBopa mexay NaBHa-2H2O wu NaBr-2H.0. PactBopu- 
MOCTb STOO TBEpLOrO pacTBopa paBHomepHo (nouTH TO TpsMOH JHHWM) Daaer 
oT 28,3 Bec. % NaBHa (touxa A) no 44,6% NaBr (rouxa B). Cocrap TBepLOH cbasbr 
COOTBETCTBEHHO IOCTeneHHO H3MeHSAeTCA OT yNCTOrO NaBHa-2H20 (touka C) 
Ao unctoro NaBr-2H:O (rTouxa D). 

TJonyyenupie pesyaprarei DOLTBEpXLaroT ONM380cTb (bv3HKO-x¥MBYeCKHX 
CBOHCTB Ooporvfpu_Horo HoHa W HOHOR raiOreHuOB, Ha KOTOPyW yKasbiBas 
Ilroxmaitep c coTp. (‘). Hamm zanupie HaxOMATCA Take B Corsacuy C OOULMME 
SaKOHOMEPHOCTAMH OOpas0BaHUs TBEPABIX PacTBOPOB C TOUKY 3peHUA BeHUHEE 
HOHHEIX PalHycos wv Kosdbunney Tos NOMAPHSYEMOCTH COOTBETCTBYIOILUX HOHOB.. 

Mouse paguycps ana BH;, Cl-- uv Br’-wonos cocrapasmort 2,03 A (°), 1,81 A 
ut,96 A (*) “7, COOTBETCTBEHHO, KOS PIMeHTE Nonapusyemoctu 3,94 A® Ga) 
3,05 A? 4,17 As (*). 3 cpapnenus Kpuctannoxumuueckux PalMycoB u KOI- 
(PHIHeHTOB TOJSPU3yeMOCTH BUHO, YTO OOPOrHAPHAHbI HOH To CBOMM CBO;CT- 
BaM CTOVT OnMKe K OpoMMA-HOHY, ueM K XJOPHI-HOHY. OTHM HW MOXKHO OOBSAC- 
HuTb, Nowemy Mexay NaBHa-2HoO nu NaBr-2HsO mpx O°C o6pasyerca Henpe- 
PHBHbIA Pay TBep ABIX PacTBoposB, a mMexy NaBHa-2H2O un NaCl -2H2O TBepJ[bIe: 
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{ 
_ pacTBophI OOpasyioTcs Jub co cropoubl NaBHa-2H20, B y3Kom nHTepBavie KOH- 
weutTpanui (or 0 m0 ~8 Bec.% NaCl). 

_  Hactosulaa pa6ota Bmecte c npesbiyuiel (1-7) nokasbiBaer, YTO Ha CHCTeMbI 


-¢ yyacTHeM OoporHApHAHOrO MOHAa pacnpocTpaHswTcA OblHe 3aKOHOMEpHOCTH 


Ibs yas 
Teas faves 
GU AV AVS 

RYN N77 


50 


ee a 


\A—9 


VSO ¢ © erase, 


NaBre-?H20 i 


Puc. 2. U3oTepma pactBopumoctu cuctempt NaBHa — NaBr — He20 mpu 0° C . 


o0pa30BaHHs OCHOBHBIX THMOB JHarpaMM COCTOAHUA B COOTBETCTBHH C (pH3HKO- 
-XHMHYeCCKHMH CBOMCTBAMH KPHCTAJWIM3YIOULMXCA Cosel. 


Wucrutyt o6tiel u HeopraHHuecKoH XHMHH Tlocrynuo 
um. H. C. KypHakoxpa 2 IX 1960 
AxkajlemHH HaykK CCCP 


IMTHPOBAHHAA JIMTEPATYPA 
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Jloxkxagn Anxagemun nayr CCCP 
1961. Tom 136, Ni 5 


XHMHA 


Axagemux A. H. HECMESHOB, H. C. KOUETKOBA u P. B. MATEPHKOBA 
AWETHJIDHbBIE NPOMSBOAHbDIE MEHTAITAHOAHPEPPOLWEHA 


Hamu nojyueHbl MOHO- HM JMalleTHINeHTasTaHOLNdeppoweH — MpokyKTHl 
ALMMpOBaHHA HOBOTO apOMaTHYeCKOrO COeAMHEHHA NMeHTAasTAaHOAMdeppoueHna 
(?), KoTopbiii OOpa3yeTcaA B peakunu cbeppouena c 1,2-qHxXNOp9TAaHOM B MpHcyT- 
CTBHM GOe3BOHOFO XJIOPHCTOrO aJIIOMHHUA, MpHueM OKa3an0Ccb, 4YTO NMoOay4eH- 
HOe HAMM paHee B STON peakI{MH BeINeCTBO C T. Mi. 135°. Ha3sBaHHOe «Luceppo- 
WeHHISTaH» (1) aABAAeTCA CMeCbIO 
H30MepoB Audeppouenuastana-l,] 
H HeOosbUOrO. KOIMUeCTBAa Aucpep- 
pouweHnvistTana-l 2. 

» Tlo3sqHee Ham yfanocb BbIIe- 
JIMTb 06a H30Mepa B HHAMBULYyaJb- 
HOM COCTOAHHH, He€CKOJIbKO BHJO- 
W3M€HHB MeTOLMKY oOpadoTKH 
TIpOAyKTOB peakuHH (MospobHee B 
SKCNepHMeHTaJIbHOH uacTH). Tloc- 
Jie OWHCTKH XpomaTorpaduposa- 
HHeM Ha OKHCH aJIOMMHHA B CMeCH 
Gensou: A-rentaH 1:1 nomyuenni: 


% 


S$ § § 


Noenowerue 
S as 


8 


sé 


600 1000 7200 1400 1600 cm 


Puc. 1. W.-K. cmextpst: @—monoauetut- 147—]49° (*) HM audepponenns- 
TeHTasTanosupeppouena (0,0101 r Bp 0,8997 r stan- 1.2 ct. na. 199-2102 52 
' KBr), 6 — AMaueTuanentasTanogndeppouena ? d ; BAS oa 


(0,0061 rs 0,7990 r KBr) mocweqHul HYUCHTHYUeH .C.., o6pa3- ; 


IjaMH, MOJIYYCHHbIMH OLHAM H3 Hac 


u Kpuuxon (4,5)*, a tTakxe ofHum u3 Hac, 9. I. Tlepepanospon u IO. T. | 


YCTBIHIOKOM (°). 


AlMMpopanve TeHTasTaHogudbeppoueHa YKCYCHBIM AHTHApHOM B Ipu- 
CYTCTBHM 85% choctopHO KHCJIOTHI WaeT MOHOALLETHJIbHOe MIPOM3BOMHOe, allu- 
JIMPOBaHHE XJIOPHCTbIM ALLeTHJIOM B MpHCYTCTBHM Oe3BOLHOFO XMOPHCTOFO asio- 
MHHHA B XJIOPHCTOM MeTHJeHe (pacTBOpHTeb) LaeT ualeTHAMeHTAsTAHOMMep - 
poleH H Apyrve noMaleTusnenTasTaHolNep poueHyl. ; 

MouoaterunenTasTavoludeppouen — xe/ITOBATHI MOpoLOK, XOpoLo pac- 
TBOPHMbI B CIMpTe, . aleTOHe, GeH30me, XY2KE — B BOJe H acupe. Ilepexpu- 
CTalM30BaH M3 adcomoTHoro cnupta. J[MayeTHmMeHTasTaHoAMdeppoueH — 
OpaHKeBO-KEITEIN MOPOWOK, NepeKpWCTaJIIHM30BaH 3 A-rentana. AumaupoBa- 
HHE MOATBEPKAAeT MpeLNOXeHHYIO panee CTPYKTYpy NMeHTasTaHosNdeppowena. 


V.-x. CIeKTPbl AaleTHJIbHbIX MPpOWUSBOJHBIX COJepxKaT XapakTepHCTHYECKYIO | 


ywacTOTy B oOsacTu 1670 cm7! (KapOoHusIbHaA rpymna), Kpome Toro, MOHOAlIe- 
THINMCHTASTAHOMMeppoweH COMep2UT YacTOTH! B OOmacTH 1000 u 1100_cm~? 


* 

B sTux pa6orax (4,5), a Take B paOoTax HHOCTpaHHBIX ABTOPOB (9,10) 1,2-aucbepp ouenuu- 
TaH Obl NoJyuen Konjencaueli (opMaJibyeruna c (PeppoleHoM H 651 omH6o4HO IIPHHAT 3a 
2 


A 
BellecTBO CTpoeHut C,HgFe CjoHsFe (cpasu. (11)), 
CH 
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Audeppouenusstan-1,f .¢ 'T. mu. | 


_ (CBOOOZHOe KOVIbILO cbeppoueHa); AUAleTHNEHTASTAHOMMeppoweH He COLepxUT 
ai o6nactu 1000 u 1100 cm~!, cnenopatenbHO 06e alleTHJIbHbIe Pp ynibl 
| BXOAAT B PasHble KObUa NeHTasTaHogMdeppouena (cM. puc. 16). Hasiwune TBYX 
_ HE3AMCIICHHBIX KOJel, B MeHTAaSTAHOLMdeppoueHe MOXKHO CUHTATL, TAKUM o6pa- 
: 30M, JOKa3aHHbIM. 

Kpome Toro, nouly¥eHbl HOBbIe (pH3HKO-XUMMUeCKHe JaHHbIe, MOATBep Ka - 
_foulwe CTpyKTypy mMeHTasTanogudeppouena. CrekTpbl syepHoro marauTHoro 
pesonanca (cM. Ta6w. 1) noKa3pIBaloT OTCYTCTBHe MeTHJIbHEIX rpynll B meHTa- 
‘sTaHOwudeppouene Mp HaNMYHH UX B ITAIOHAX — aTHIdepponene (*) uw qu- 
-tbeppomenusstane-1,1 (cpasu.(*)). 


Taconic, 


Ta6auna OTHOCHTeJIBHBIX XHMHNYeCKHX CABHrOB MO JaHHbIM CNEKTPOB A. M. Pp. 


= | ante gy Wiki 

5 | S ae nl my 
: ; Ho |4cu | 2cu, | #cu, | L | te - 
i © 25 Rae s ie 
| = passiniien npg 
*deppouex 0 Slee Aly co PD HL es 

StTusmdep ponek 0) OROe ars aiaal MOR ZnS sak noe 
“Tpn6ytuacdeppouex 0 SPA ces = 0,86 — — 2,59 
TlentastaHoaudep pouex 0 3,29 — | 9,39 — — Pintle) -— 
unusonponumbepporuex (7) PE TICR MSS) TiN cal go — 8,86 | 1,39 — 2,89 
Tudeppouenusstran-1,1 (8) 9,86 | 6,58 — Ooo le Oar ~ 3,00 
Judepponenunstan-1 ,2 

x 


IleHTasTaHogMdeppolleH H eFo alleTHJbHbIe MpOusBOLHEIe — aMOp@HbI, He 
‘HM€IOT H€TKHX TeMMepaTyp MaBeHHA, NOCTeMeHHO TeMHeIOT MU pa3sMsrualoTca 
okoo 100°. OgHako TepmorpamMnl, nosyueHHbIe Ha mupoMetpe KypHakospa 
IIK-55, noKaspiBaioT, TO Ha KpMBOH HarpeBaHUA, CHATOL 10 200°, He oTMeueHO 
KaKHX-JIHOO 9K30- JIM 9HOTepMuyeCcKHX 3ppeKTOB. 
| CneKTpbl aZepHoro MarHUTHOrO pesoHaHca s106e3H0 ompexestenst IO. IO. Ca- 
MHTOBBIM, W.-K. CleKTpbl onpefzemenbt H. A. Uymaescxum. Tepmorpaduueckue 
W3MepeHHA BbINOHeHEI B. M. Komwunpim u E. VW. SpemOamem, 3a ato aproppi 
BbIPaKalOT HM CBOIO ryOoKy1o OmaroxapHoctp. 
|) Pasmenenue npokyKktTosBpeakuun mepponmeuac gu- 
‘X70p9Tauom. Peakuna cbepponena (40 r, 0,21 moma) c quxnopsTaHom 
200 Mil, 2,9 Moma) B NpHcyTcTBHM OesBOAHOrO XMOPHCTOFO aIOMMHUA ONNCaHA 
-HaMH pauee. 

IJocme pa3i0xKeHUA peakIMOHHOl cmecu OObIUHbIM Cnoco6oM u yyaseHua 
PacTBOPUTeIA MpOLyKTbI peak SKCTParHpOBaHbl MeTAaHOJIOM B ammapate CoK- 
eeta. TBepfbili OcTaToK H3 THsb3bI almapata Cokcsleta o6paboran 9scupom 
(50 Ma Ha 1 r BemmectTBa) 4 nepeocaxkyeH B MeTaHow (10-KpaTuHbiii H36bITOK). [o- 
JIyueH MeHTasTaHOsUdepporuen, 1—2 r. 

OctaToK, He pacTBopHBuIMlica B 39TOM KONMYeCTBe Scbupa, nepeocaxKeH U3 
6ex300a 10-KpaTHbim KomH4ecTBOM MeTaHoua. TlonyueHo 1—2 r lOJIMMepa, MOJI. 
Bec 2300. Bce MaTounbie pactBopbl u3 anmapata Cokcsieta, a TakxKe pacTBopbl 
nlocule NepeocakyeHua OOpasuoB u3 scpupa HM CeH30a ynapeHbI Jocyxa 6e3 Ha- 
rpepa. OctTaTok noyBeprHyT xpomatorpadupopannio Ha Al,O, u3 cmecu 
GeH30N: rentaH 1:1 Ha KouoHKe BEICoTOH | M, AHameTpom 29 mM, nopunAMH 110 
1 r, co cKopoctsio 5 mu/Mun. Beero nostyyeno: | — macuo, n29 1,6056 (3,17 1); 
Il — qeppouen, T. na. 172° (5 r); II] — gucdeppouenunstan-1,1, T. na. 147— 
149° (1,05 r); IV — npomexyrtounbie dpakuMu mMacuio -+ qucbeppoueHusstaH- 
1 (2,25 r); V— macao, np 1,6530 (1,8 r); VI — AudeppouenusstTan-1,2, 
@. ma. 192—192,5° (0,1 r). Bec 0,6 r. 
AueTHAMeHTAITAHOANMeppowen  Cso0H2,Fe2 — COCHs. 
(Cmecb 2,5 r nenTasTaHodudeppouena, 5 r yKcycHoro anrugpuya, 0,5 ma 85% 
‘ocopHo KuCcJoTE Harpeta Zo 100 — 105° B Teyenne 15 mun. Satem cMecb BBI- 


7 ({TAH, rv. 136, Ne 5 
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JuTa Ha Jie, MpoMbITa pacTBopom 4 r 6ukapOonata HaTpHA BO MJ BOJbI H 3aTeM 
Bofot. TeMHbI nopowok (2,6 r) pacTBopuM B H-TeliTaHe, a:pupe, alleToue, CiiupTe, 
xyxke — B Bole. Ilocue nepekpucTassu3alHu 43 aOcomOTHOTO ChupTa nomyyer 
*KeENTOBATLI NOPOWIOK, TeMMepaTypa MaBJIeHHA B 3aNaAHHOM KalMsape 
105 —-110° (c pa3aoxxeHHem). 


Hafizeno %: C 70,87; 70,99; H 6,25; 6,23; Fe 20,51; 20,35 
CseHgeFe.O. Briuncaeno %: C 70,60; H_ 95,80 Fe 20,15 

Mon. pec (6eH301, KpHocKonMsA): HaligeHo 539, C32.Hg.Fe,O. Baruncaeno} 
544,28. 
WuaneTuanenTastTaHoxudmeppowenu. B_ pactBop 2 1 
neHTasTanosudeppolena B 20 Ma xJOpucTOrO MeTHeHAa UPHOaBJeH NOcTeneHHO) 
pactBop 0,65 ma xsiopuctoro aulerTua, 1,04 r Oe3BOZHOTO XMOPHCTOFO aJIIOMH-| 
HHA B 20 MJ xJopucToro MeTHJeHa. HaOnofanocb HeOoJbINO0e pasorpeBaHHe .| 
Cmecb MepeMelliMBaslacb pH KOMHAaTHOM Temmepatype 5 ac. Ilocme cTosHHA B) 
TeyeHHe HOW PeaKIMOHHaA Macca BbIVIMTa B CMecb Jbja HU HCl (1: 1), axcrpa- 
rHpoBaHa aupom, SeH3os10m. Bce pacTBOpbl COeHHEHEI BMeCTe, NPOMBITEI 5% 
paCTBOPOM COfbI, BOOM, BbICyWIeHbI 6e3BOLHBIM CybcaTom HaTpus. Ilocae yya-| 
JICHHA PaCTBOPHTeIA B Bakyyme (20 mM) nowyyeno 1,62 r TeMHO-KpacHoro ocazka, 
ocue XpoMaTorpadupoBaHus Ha CHIUKarevsle U3 OeHs0Na NoryyeHo 0,3 r opaH-| 
*KeBoro TopomKa. TlepekpucTau30BaH u3 H-renTaHa. TemueeT spite 80° C. 


Hatigeno %: C 69,55; H 5,64; Fe 17,04 
CagHagFe.O2. Brruncaeno %: C 69,60; H 5,85; Fe 19,10 (1a Fe2Qs) 


Moa. Bec (6eH30J1, KpHOcKoNHA): HaliqeHo 583, BEruucueHO Ja CsaH34Fe2O) 
586,31. Kpome Toro, BbijeseHa CMeCb H30MepOB TpHalleTHJMeHTasTAaHOLUpep - 
polleHa WH TeTpaalleTHJNeHTasTaHOMPe ppolleva. 


HuctutyT 9emMeHTOOpraHHueCKHX CoesHHeHHit Tloctrynmusio0 
AxafemuH HaykK CCCP 9 XI 1960 
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XHMHA 
r. WH. HAKHUWIMH, F. B. COMOB u 4aen-koppecnonjzent AH CCCP A, Wl. NETPOB 


CHHTE3 1,14-TETPAQEKAH]MKAPBOHOBOM 
WM 1,15-MEHTAQEKAHAUKAPBOHOBOH KUCJIOT 


-  Han6osiee palwoHabHbIMH MeTOaMH CHHTe3a BbICOKOMOJIEKYJAPHBIX d,e- 
|AuKapOOHOBBIX KHCNOT ABIAIOTCA 9/eKTPOMM3 comel nomyabupoB AMKap- 
“OOHOBEIX KHCJIOT (?) 


p pes 

2ROOC (CH), COO- —*, ROOC (CHs),,, COOR ++ 2COs 

} 

‘MW BOCCTAHOBUTeIbHad ZMMepusalluA a, a, a, o -TeTpaxJlopaKaHos (*) 


H, NaCN 
Cl (CHe),CCls —> (CI (CHe),CCI =), —> (NC (CH),CCI =)2 _, 
—+ (HOOC (CH,),CCI=)2 > HOOC (CH2),,, , ,COOH 


2n-+2 


iKapam ¢ corp. (*) noka3au, 4TO NpH OOy4eHHN yubTpaduosmeTOBLIM CBETOM 
cMeCH WHKIOreKCaHOHa HW OKTeHAa-| OOpa3yeTca 2-OKTHJIMMKIIOreKCaHOH C BbI~ 
“xozom 20—30%. 

B pesyubtate JeTanbHoro H3y4eHHA peakUMit CBOOOMHOpPasUKabHOrO MpH- 
COCHHEHHA KHCJIOT H CIMPTOB kK a-Oec~HHaM HAMM ObIJIH HalieHbl ONTHMAJIb- 
HBIC YCJIOBUA NONYYCHHA ALYKTOB C BLICOKAMM BbIXOMamH (*). C yueTOM 9THX 
yCJIOBHH, B HAaCTOAUIEM HCCeEMOBaHHM MBI OCYIeCTBHI peakuun npHcoexn~ 
He€HUA IMKJONCHTaHOHA HW WMKJOreKCaHOHa K YHJeWMJICHOBOM KUCOTe B IpH~ 
CYTCTBHH Mepekucu TpeT-6yTua. PeakWHH MpOBOAMINCh pH MOMAPHOM Co- 

OTHOMICHHH KeTOH : yHyeunIeHOBad KucuOTA: nepekuch = 3: 0,3: 0,06, c muk- 
JioNeHTAHOHOM pH 130—132°, c wuKaoreKcaHOHOM mpu (3(2153. Kucnota 1 
NepeKHCb OOaBJIAIHCb K Ke€TOHY NO KalluiaM B TeyveHne 6—6,5 wae. Bplxoy, aJ- 
Ayxta 1:1 c wuxnoneutanonom 69,5%, c mwuKnoreKcaHoHom 50%. 11-(2’-Ke- 
“TounKsorenTH.)- -yHeKaHoBad KHCOTA Opia OKucHeHa B Bovebeheis Aneidi 
AukapOonosyto-1,14 KucnoTy, a nocueqHAA C NOMOUIbIO rHApasHH-rugzpata BOC- 
cTaHoBsieHa B | 14- -TeTpayleKaHJHKapOOHOBYIO KUCJOTY. 


O O 


y IEE fc Oho 
“Henge CH (CH)sCOOH — ‘< *) 


+ HOOC (CH2)3CO (CH2);)COOH > HOOC (CH:),,COOH 


Ananornuno u3 11-(2’-KetouukKmoreKcusl)-yHAeKaHOBOH KUCJOTHL Oblivia 10- 
ayyena 1,15-nentaqekaHynkapOoHopad KUCIOTAa. 


QKcNePpuMeHTAALHAA Wace FP b 


11-(2’-KeTOMHUKAONeCHTHA)-YHReKAHOBAA KUCAOTA 
K 200 r (2,4 Moma) WHKsIOMeHTaHOHAa mpu 130—132° B Teuenne 6,5 uaca no6an- 
JeH pactBop 55,3 r (0,3 Moms) yHyeunneHoBoH KucsOTHI, 8,8 r (0, 06 Mons) ne- 
pekucu BO2,3r (0,6 Mona) WHKJONeHTaHOHAa. PeakWHOHHaA CMeCb HarpeBalach 
eme 2 yaca, nocue Yero NpH Meperouke H3 Hee Opi0 BEIZeNeHO 5 r He BoUeMUell 


I £099 
| 


B PeaKIMIO YHJCMMJICHOBOH KHCJIOTHI, 06 r 1 1-(2’-KeTOUMKJIONeHTH)-yHAeKaHOBOH 
KHUCOTEI, ocTaToK 16r. Bprxog 11-(2’-KeTOWMKJIONeHTHN)-YHAeKaHOBOH KHC- 
OTB! B pacueTe Ha B3ATYIO YHeMHJIeEHOBY!O KHCJOTY 69,5%, T. Kun. 213— 
920° (2 mm), T. mut. 51,6—52° (“3 ameTona). 
Hafineno %: C 71,46; 71,36; H 10,50; 40,30 
CigHosO03. Buruucneno %: C 71,60 H 10,54 


Cemukap6a30H, T. II. 166,5—167,5° (3 cmupta) 


HatigeHo %: C 62,56; 62,69; H 9,51; 9,57 
Ci7Hs103Ng. BeruneneHo %: C 62,74; H 9,60 


5B-KeToTeTpagqeKkKaH Au KapOoHoBaa-1,14 KuCuOTA. OKHC-| 
JIeHHe MpOBOLUOCb B yCIOBUAX, paspadoTanHbIx B. B. Kopmakom u corp. (?). | 
K pacrsopy 50 rcepHo KucaoTpt B 85 M1 BOAbI MpH 55° HM MHTeHCHBHOM 
HepeMemiuBaHUuH Obln0 foOaBnenHo 55 1 (0,205 moa) pacniaBneHHon 11-4 
(2’-KeTOMMKJIONeHTH)-YHTeKaHOBOM KHCJIOTEI, a 3aTEM IPH STO we TeMnepaty- | 
pe (oxslaxkKeHue) B Teyenve 20 muH. pacrBop 31r xpomosoro aHrugpuga u SOT 
cepHoit KucaoTst B 50 ma Bogpt. [lepememmBanve peakUMOHHOl cMecu mpH 55° 
npowoumKaocb ene 3 yaca. SareMTBepfasd Macca Ha BopoHKe BioxHepa Opia | 
oTWeeHa OT %KMAKOCTH, pacTBOpeHa B alleTOHe, pacTBOP alleTOHa NpoduJIbTpo- 
BaH, PUI_TpAaT ylapeH. Bpmapwian KuCNOTAa Obla OTAeNeHa OT MaTOUHOrO pac- 
TBOpa, BHOBb pacTBOpeHa B alleTOHe, PaCTBOP alleTOHa JeKaHTHpOBaH, Mpo-| 
cbubTpoBan u ynapeH. TlomyyenHad 5-KeToTerpagzekanyuKapOounopas-!,14 
KHCIOTAa iWepeKpHCTanmM30B2Ha 13 GeH30na. Bpixog 74% (45,6 r), T. ma. 
123, 5—123,8°. 


Hanneno 5: © 63,763 '63,40" bl 9.555 doe 
CygHesO5. Brruneneno %; C 63,97; H 9,40 


CemuKap6a30H, lWaBHTca c pasioxweHHem mpuH 134° 


Hatiqeno %: C 56,14; H 8,81 

Cy7H31,05Ns3. Brruucneno %: C 57,12; H 8,74 
ll4retTpaqzekaHyaukapOonuoBpaa KuCaAOTA. K pacrBopy 
8,5 r NaOH wu 8,5 Ma rugpa3unrugpata B 75 MJ JM9THJIEHTIMKONA ObliO MpH- 
GaBneHo 7,5 r (0,025 moma) 5-KeroreTpagqekaHauKap6oHopon-1,14 KHCJOTHI.| 
Cmecb HarpeBasiacb 2 uaca mpu 142°, nocme uero M36bITOK THApasMHruypata Hi 
Boa ObIH OTOTHAHbI UM HarpeB npomowmKasca ene 4 uaca npu 210°. K oxaax-| 
MeCHHOH peakIMOHHO cmecu Obl WoOaBnenbt 50 MA BOAbI M COMHAA KUC/OTA| 
qo nowysenua cnaOoKucnoH cpeqbl. DubTpOBaHHeM %KHAKaA (ha3a Oplia OT- 
feueHa oT oOpa3opaBmelica 1,14-rTetpamekaHyukapOoOHOBOH KHCJIOTHI, BbIXOL} 
KOTOpOH mocule NepekpucTatM3anuH cocTaBHs 88% (6,3 r), T. ma. 126° (m3 aue- 
TOHA). 


Hatizeno %: C 66,98; 66,81; H 10,56; 10,48 
CygH3o004. Brruucameno %: C 67,10; H 10,56 


JlutepaTypuHble fanupie (°): T. ma. 124—124,2°. 

11-(2’-kKeTOWHKAOTeKCH A)-YVHReCKAHOBAA KHUCAOT AS 
K 240 r (2,44 mona) wuknorekcaHoHa mpu 151—i53° Breuenne 6 uac. JO-} 
OaBAICA pactBop 50,37 (0,3 Moma) yHaeWHIeHOBOK KuCsOTHI HU 8,8 r (0,06 moms)} 
mepekucu B 55 r (0,56 mMowia) WHKOreKcaHoHa, Nocse Yero peaKI[MOHHaA CMeCHI 
HarpeBaslach emule 2 yaca pH ITOH xe TemnepaType. M3 peaKuHOHHOM cMmecHi 
IIpH Meperouke B BakyyMe BbleteHO 18,5 r He BollemmMel B peakI[MIO yYHIeUH- 
JIGHOBOK KUCIOTHI, 42,7 r KeTOKHCJOTHI, OcTaTOK 13 r. Bprxog 11-(2’-KerouuK-} 
JIOTEKCHKJI)-YHAeCKAHOBOM KUHCJOTHI B pacueTe Ha B3ATYIO YHJeIMJIeHOBY!O KHC-) 
noTy 50%, Ha BcTymMBuIyIO B peakiMio 75%, T. mu. 64° (“3 aneToHa). | 


Hafigeno %: C 72,11; 79,09; H 10,74; 10,60 
Ci;H3903. Brruncneno %: C 72,30; H 10,70 
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... T. mui. 135—136° (43 cnupta) 


| Hafigeno %: C 63,72; 63,85; H 10,03; 10,06 
i CisHssOsNs. Buruncseno %: C 63,68: H 9,80 
- 6KeTONeHTaAReKAHAUKapOonosa sel, 15 KHCNOT A. 


Oxucsenve 11-(2’-KerouMKnoreKcua)-yHeKaHOBOl = KUCOTHI (MpOBOAM0Cb 
‘pv 65°) u BbiemeHve U3 peaKIMOHHOM maccbI OOpasyromelica 6-KeToneHTase- 
‘KanANKapOonosBoli 1,15 KUCMOTHI OCYMIeCTBANOCb 10 TOM xe MeETOAMKe, KOTOpaA 
MpWMeHANaACh Mp MOWyyeHHH 5-KeTOTeTpayekaHyuKapOonopol-1,14 Kuc- 
NOTH. Brixol 6-KeTonenTaqekans{uKapOonoBoli-1,15 KucnoTer 78%, T. mu. 
109,5—110,5° (u3 6eH30Wa). 


Hatigeno %: C 65,19; 65,12; H 9,78; 9,68 
Cy;7H3905. Bpruucmeno %: C 64,94; H 9,62 


Cemukap6ason, T. na. 161—161,3° (u3 cnupta). 


Hatizeno %:\C 58,16; 58,20; H 9,08; 9,03 

CipH3s05N3. Bpruneneno %: C 58,20; H 8,96 
) 1i5nleuTagekanquKapOonoBasa Kucaorta. K pacTBopy 
6,6 r NaOH u 7 ma rugpasunrugpata B 60 Ma sTuneHTaMKOA OpI0 MpuoaB- 


‘eno 6,3 r (0,02 moma) 6-KeTONeHTageKaHAuKapOonosol-1,15 KucuorTbI. Jlauee 
‘aHaorm4uHo cuuTesy 1|,14-TeTpanekaH_uKapOOHOBO KHCJOTHI. 


_ Tlowygeno 5,6 r (Bbixon 93%) 1,15-nentayeKan_UKapGOoHOBOH KHCOTHI C 
T. mim. 119° (u3 ameroua) 


Hatigeno %: C 67,53; 67,66; H 10,63; 10,72 
: Cy;Hg204. Baruucneno %: C 67,96; H 10,74 


JIuTepatypuble JaHuple (°): T. ma. 118°. 


Mucrury? opranuyueckow xumun um. H. JI. 3eauncKoro Mocrynao 
Akajemunw Hayk CCCP 28 X 1960 


HWMTHPOBAHHAA JIMNTEPATYPA 


Miwovesantwosnpekad, C. A. Bontkes hu, Yer. xum., 29, 364 -(196U). 
Av iereecmexuion, JI.U.3axapxun, T. A. Kocrt, Has, AH CCCP, OXH, 
Soo, O0eeMao Kiarasch,J. Kuderna, W. Nudenberg, J. Org. Chem., 
BS;,i22oe(i003).) * A. J. Wietrpos, T.H. Huxumun, lO. H. Oru énu,.. JAH, 
Bol, dens 941960); apt. cpug. 133059 (1960). © B. B. Kopmax, C. JI-Cocus, 


ee iiemwoposo sa, KOX, 380, 907 (1960). oop Gltwirt, Helv. chum. Acta, 
“9, 274 (1926). 
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Jlokiangn AkafemMun Hayr CCCP 
1961. Tom 136, Ne 5 


XHMHA 
Ysen-Koppecnonzent AH CCCP A. B. HHKOJIAEB u M. TI. MAXAWJIOBA 


CMOCOB ONPEAEJIEHHS COCTABA IKCTPATHPYEMOTO 
KOMITJIEKCA 


B paOoTax 0 u3y4eHuIO JMarpaMM MHOFOKOMMOHeHTHBIX 9KCTPaKIMOHHHIX 
cucTem (**) BBeqeHO NOHKATHE O Jy¥e SKCTPakIMH — JMHMM, NO KOTOPOH mpouc- 
XOMMT H3MeHeEHHe COCTaBa BOAHOH (pasbl B xose Npomecca sKcTpakuun. Jlya 9Kc- 
TPaKWHH HavHHaeTCaA B TOUKe ,COCTaBa, OTBeYaIONel KOHIEHTpallun HCXoz- 
HOrO pacTBopa, HW 3aKaH- 
4YMBaeTCA B TOUKe, OTBEUA- 
1 rolleH OHOMy H3 cocTa- 

BOB PaBHOBeCHOH BOAHOM 
(pasbl. 

IIpu paccmotpenuu 

Bolpoca oO cbopme sryua 

S9KCTpaKUHH B YeTHIPex- 

KOMMOHEHTHBIX CHCTeMax 


os 
ee eee 
THNa SKCTparupyemoe Be- 


: UeCTBO—BbIC aIMBaTeb— 

Ce Boa — 9KCTpareHT cye- 

ste Jaem culelyiouue jony- 
IeHHA: 

1) Oprannyeckun aKcTp- 

areHT lpakTwyeCKH He- 

oo, pacTBOp¥M B BOJHOH (hase, 

st es ee cocTaB KOTOpOH OMNHCH- 

0 FT) 20 30 20 50 60 FechFells  paercs, celoBaTeMbHO, B 

Puc. 1. Jlyam sxkctpakumn pB cucreme FeCl) —HCl— pemeswax TpexKOMNOHeH- 

20 — (CzH5)20 THOH CHCTeEMBI. 

2) B ueKoTopo# o6.1a- 

CTH \MarpaMMbl (B HalleM C.Tyyae B YaCTH OOaCTH paccOeHMA) B OpraHMyecKy1o 

tbasy 9KCTparupyeTcaA TONBKO OMHO COeAMHeHHe onpeseneHHOorO cocTaBa (npH 

3TOM KOJMYCCTBO MOJIEKYJI 9KCTparevuTa, BXOJAWLMX B SKCTParHpyeMbli KOM- 

mjeKc, B paccMOTpeHue He IpHuuMaeTCA). 

Tora erko NOKa3aTb, UTO DpH BbIPaKeHMN COCTABa BOHOL (ba3bI B BECOBBIX 
(UJ MOJeKYJAPHBIX) MPOWeHTax JyYH 9KCTPaKILuH OyLyYT UPAMbIMM JHHMAMY, 
nepeceKalolluMuCa B TOUKe, COOTBETCTBYIOMeH COcTaBy SKCTparMpyemoro KOM- 
mjekca. Takum o6pa3om, u3syyenue Jy4el SKCTPAKIMH ABIAeTCA OLHUM U3 CHO- 
coOoB yCTaHOBJeHHA cocTaBa skcTparupyemoli copmnt. IIpenmaraemprii 3yecp 
MeTOR ONpeeseHHA COCTaBa SKCTparMpyeMOH (POpMbI NO cylllecTBy aHajoruyueH 
H3BeECTHOMY MeTO/y «ocTaTKoB» IIpetHemakepca, IpHMeHAeMoMy IIpH onpesene- 
HHM COCTABa TBEPOH (pa3sbI B TPeXKOMMOHeEHTHBIX CHCTeMaXx, H OOsajlaeT NOSTOMY 
BCeEMH OOUICH3BECTHLIMY JIS Hero JOCTOHHCTBaMH. 

STOT MeTOR Obl UCHOb30BaH Hamu Jia onpeqeseHua COcTaBa 9KCTparupye- 
MOH POPMbI B H3y4eHHOM panee (4) cucreme FeCls — HC] — H2xO — (C2Hs)20. 

Bropoe v3 CieaHHbIX BbIe JONyIeHHi O3HaYaeT, TO COOcTBeEHHas 9KCTpak- 
WHA BOMbI, COMAHOM KUMCJOTHI W XJOPHOTO wKeesa B SupHyo *a3sy B OOMacTH 
NPHMCHHMOCTH STOFO METORA NOJKHA OBIT Maa NO ChaBHEHHIO C SKCTpakIwel HX 
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bec. % 


HFeCL,; 6H,0 


B Bue KOMDJeKca mFeCls-nHCl-pH2O. OueBuaHo, 3TO wMeeT MeCTO JIMUIb 
DpH S9KCTPaKUHH H3 PacCTBOPOB, ABJAIONLMXCA CpaBHUTeJIbHO KOHICHTPHpOBaH- 
‘HLIMH HM 0 COJAHOM KHCOTe, H NO xsOpHOMy xevesy. B Hayase KoopyuHaT (rye 
‘BeIHKa COOCTBeHHaA SKCTPaKUHA BOsbI) H BOMH3H OO€HX KOOPAHHATHEIX OceH 
{re HesIb3a4 mpeHeOperatTb coOcTBeHHOM 3KcTpakuHelt FeCls un HCl) nomxuo 
TIPOHCXOANTb NOSTOMY HCKpHBeHHve Jy4el skcTpakuun. IIpu padore B oOacTH 
KOHIUCHTPHPOBaHHbIX PaCTBOPOB COOCTBeHHAA IKCTpakuuA Bob! H HCl moet 
ObITb YMeHbIeHA NPeABapHTeJbHLIM HAaCHIILeCHHeEM SPHPa PacTBOPOM COJIAHO! 
KMCJIOTHI COOTBETCTBYIOIeH KOHWeHTpalnHn. TlonyseHHble TakHM OOpa3oM Jy4H 
SKCTpakUHH H300paxKeHb Ha pue. |. 

Kak BHHO 43 pue. 1, 3HadNTebHaA YaCTh JyyelH 9KCTPaKIWH NpPAMOJIMHeH- 
‘Ha H TepeceKaeTcA B OJHOM TOUKe, OTBEYaIONeH COCTaBy 9KCTparMpyeMoro KOM- 
paiekca HFeCla-6H2O. SamerHo TakxKe HCKPHBJeHHe Wye SKCTPaKIHH B OO- 
wlacTAX, IPMMbIKalollu4xX K KOOPAMHAaTHBIM OcHM. Takum oOpa3o0m, HFeCls-6H2O 
-ABJIACTCA JMIIb JOMMHUPyloMlel (OpMOH Mepexoja XJOpHOrO xXKeslesa B IPHPHyt0 
@a3y B 3HauHTeNbHOM OOnacTH cocTaBoB. IIpH HefocTaTOUHOH KOHIeHTpallHu 
‘KakOro-sIM60 W3 KOMMOHEHTOB B BORHOH chase acdupHan cba3sa TaKxKe OOeHAeTCA 
‘COOTBETCTBYIONIMM KOMIOHECHTOM. 
| Hamm ycTaHoBjeHa npenMylllecTBeHHad 9KCTPaKUMA XJIOPHOrO weesa B AH- 
STHJOBLIM Scdup B Bue HFeCla-6H20, To cormacyetcaA c NosyYeHHbIMH HHbIM 
TIYTeM JlaHHBIMH Apyrux aBTopoB. IlomoxweHHe 00 SKCTPaKILMH XJIOPHOrO *Kewe3za 
U3 COJAHOKUCJIBIX PaCTBOPOB B BHe KOMUJIeKcHOH KuCJOTEE HFeCla o6menpu- 
nsato (°). OrHomenve FeCls : H2O B oprannueckon case, 10 JaHHbIM pa3JHUHbIX 
aBropoB, coctaBysxeT 1 : 4,5—6 (**). 

Mpi oyaraeM, 4YTO OMMCAaHHbIM 3fecb MeTOL OlpeseseHHA COCTaBa SKCTParH- 
pyemoli (OpMBI CBASaH C MHHUMAJbHBIM KOJJMUCCTBOM IIPOHSBOJIbHbIX JOMNyuleHHH 
WU BCJIEACTBHe STOO MOXKET HAaliTH WIMpOKOe NPHMeHeHHe IPH WSyYeHHN SKCTPaK- 
IMOHHBIX PaBHOBeCcHit. 


VuctutyT HeopranHyuecKkoH XHMHH Tlocrynuuto 
CxOupcexoro oTfenenua Akagemun Hayk CCCP 14 XI 1960 


UWMTHPOBAHHAA JIMTEPATYPA 


PANE winkowaesn, ALT. Ky puaxkosa, )KHX, 3, 1037 (1958), ® A. B. H u- 
Kouaes, JAH, 129, 582 (1959. %A.B.Hukonaes, A.T. KypuHakosBa, 
H. HW. Axosuses, DKHX, 8, 1832 (1960). *N. H. Nachtrieb, J.G. Conway, 
i Ammeechem. Soc., 70, 3547 (1948). ® J. Axelrod, E.H. Swift, J. Am. 
Chem. Soc., 62, 33 (1940). R. J. Myers, D. E.Metzler, J. Am. Chem. Soc., 

72, 3767 (1950). 


Nokaaap AKkagqemun nayrx CCCP 
1961. Tom"136, Nb 5— 


XHMH 4 


Axagemuk AH BCCP A. H. CEBYEHKO u H. NI. 3ATbKOB 


MH®PAKPACHDBIE CNEKTPb] HECAMMETPHUHbIX 
AMAWKMJIBHbBIX MEPEKHCEH 


IIpuBeqeHHas B MTepaType MHTepnpeTamuA YacTOT HH*pakpacubIX CneKTpOB: | 
NOTIOUCHHA OPraHMyecKHX MepeKuceli B pAe CyyaeB NPOTHBOpPeUHBA Hi BUI- 
3bIBaeT COMHEHHA. 

IIpus c cotp. (*) yKasblBaloT, ¥TO NepeKHCH (raiousa, n-x0p6eH30nIa 
OeH3aIbAerua UMEIOT CHJIbHYIO MOJIOCY MOPAOWLeHUSA c uacTOTOL OKO 1000 cm-!. 
C Apyrolt CTOponbl, nepeKucb WH-TpeT.-6yTHAa norsouaeT mpu 880 cm-l. Stu 


JWaAHHbIC NOATBeP*KeCHbI B pa- 


ae ooh Oote (?). Asropsi pa6or (1,2) | 
i C4UHTAIOT YIOMAHYTHIe MoI0- 

80 Bot i CbI MOPIOWeHHA XapakTep-— 
HbIMH aA KoweOaHuili 

| 60} t 60} — O— O — rpynni apoma- | 

K iE ee II THYCCKHX HM aucaTMyeckix 
40 40 M@PCKHCHBIX COeMHeHHH. 

TlouckH = XapakTepHoro 

20; 20 NOTJIOULEHHA WIA CBHABeTi 

OW ps eee eee) , —O —O—B oprannueckux 

100 } 700\ MepeKMCAX APyrHMH Ucce- 

80 [" 80 oBpaTetamu (°-°) He gaan 
MOJIOKUTEIbHBIX Pe3YJIbTAa- 

{ 60) 1 | 60 TOB. 

K K DY W.-K. cnekTpbl coequHe- 
40 40 HHH, COMepxKallux ruqpone- 
a 0 pekucHyto rpynny ROOH, 

H3yyeHbI Ooee To-,po6Ho 
Sitecete Guan Ronan BL > fi)  (7,%-8). Tpenpaputerbyaa 
800 1g fee cm 800 eo 1600 Cad HHTepnpeTamua CIe€KTpOB ye- 
TbIPeX HECHMMETPHUYHBIX 2Ha- | 
Puc. 1. Cnekrppt nponycKanua pacTBopos B CCl4 cmecu 


WHJIBHbIX TepeKHCeH TIpHBe- 
jeHa B paoote (°). 

OguaKko jWIa OOHapyxe- 
HUA OpraHwyecKHx mepeKuc- 
HbIX COe€QHHEHHH, O6pasy- 
IOULHXCH B XOMe peak 
OKNCICHHA, TO H.-K. CM€KTpaM JIMTepaTYpHbIX JAHHBIX HeLOcTaTOUHO, TeM 60- 
ee 4TO Hadnune yactoTp 880 unu 1000 cm-! ogHosHauHO He YKa3bIBaeT Ha 
IpHcyTCTBUe NepeKUCHOH rpynnbt O — O, koreOaHuA KOTOpOi He xapakTepu- 
cTHuHBI (1°), 

YcTaHOBeHHe 3aKOHOMepHocTeli B CHEKTPaJINHOM TipOABJICHHH KOWeOaHHii 
PP YItbl ; ae ANA mepekuceh Bua R—C—O—O—C— R’ 

| J eee 
TpeOyeT OonbWIOrO SKCNepHMeHTasbHOrO MaTepHasa. BecbMa wesecoo6pasHc 
NPOCIEAMTh Te H3MeHCHHA B U.-K, CIeKTPax, KOTOpBIe MIPpOUCXOLAT B Mmporecce 
PeakKUMH OKMCJICHHA HM OO6pas0BaHHA NMepeKHCHbIX Coe_MHeHUil. 

C ato wWerbio Hamu ObIJIM U3 YYeHDI M.-K. CMEKTPbI YeThIPeCX HECHMMETPHYHbIX 
AMAUMJIbHBIX NepekuceH: alleTHJI-N-x0p6eH30nsa, alleTHJI-M-xXJIOpOeH30N.1a, 


1-XJOPOeH3abAeria C YKCYCHBIM aHPHAPHAOM: Jo OKuC- 

Jenua (/); mocae 3 vac. oKHcaeHns (JJ); 0,1M pacTBopa 

8 CCl4, nolyauBmeica B mpouecce peakWHH OKHCJIeHHs 

NepeKHCH alleTHI-n-xop6eH30una (J//); 0,1M pactsopa 
B CCla n-xnop6ensanbgernga (IV) 
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“alleTHJI-O-XOpOeH30NIa UM MponvOHHGensoua. Jn mepBbIx Tpex mepe- 

KMceH, a Tak>Ke WCXOMHDIX aJbAerHAOB HW THAPHOB ObWIM NOMyYeHh CHEKTPbh 
(puc. 1,2,3) B o6macTH mponyckaHus mpu3smbl NaCl cnextpometpa MKC-14. 
Uccnenosaaucs 0,1 M pa- 


CTBOpbl MepeKucelt B CCl, 0, 4, 


MOJIOCbI, KOTOpble OTCyT- 
‘CTBYIOT B H€OKHCJICHHBIX ; 20 
oOpa3ilax, a TAK KeB CIieK- 


Mp TOJMMMHE NOrsouyaro- 100 100 

ujero cuiod 0,25 mm. Jha 

“epeKucH mponnouni6en- 30} a \ 

30MIa cmeKTpbl (puc. 4) 

nowyyenpt Ha MKC-11 a eas | 

TIpH TOJMLHHE Morsoulato- | Y 
40 40 

ero con 0,1 mm. V.-K. 

‘CHEKTPbI MepeKvcel alle- [ | 
20} 20 

THJI-O-XJIOpOeH3OHIa = 

MIpOMMOHHMOeH30Ha = HC- oo tine ant De oe cian - were eieetet 

a ] | 

Cfeqy!OTCA BIMepBble. : 4 Al, fie 

_ Ws pucyHkop BuaHO, 80 80 | 

-4TO B porecce OKHCJe- 

5 i G0} He 

ae o6pa3ll0B B HX cneK- wee 

“TpaxX MOABJIAIOTCA HOBbIe W 


Tpax HCXOJHbIX aJlbyeru- ite Se a ee ns eta 
OB M aHrHsApusos. Ciwoxa 
_OTHOCHTCA MaJIOHHTEHCUB- 80 80} | 
Haat mowoca upH 845— | 
860 cm (puc. 1, J/; 60 60 a 
irc oeii——IV; puc...3, ' Pie a. f 
_II—IV), Ha6smoxaemas B i 
cCieKTpax BCex MpMBeseH- 20 20 
HbIX TlepekuceH. B o6u1a- 
‘etn 1000—1030 cm"! u Ole te OL 
- 1030—1050 cm-!? B npo- ae a 
mecce OKHCeHHA; OOpas- 80 80 
0B NOABJIAIOTCA Be M0- 
-JOCbI, OUCH XOPOMLIO. BbI- 60 I 60 
PaxKeHHbIe B CHEKTpax 11e- ys x Ya 
pekucel. MHTeHCHBHOCTb 
MOJIOCbI B OOJIACTH CHeKT- 20 ra 
pa 1030—1050 cm“! 3aBu- 
CHT OT MOJIOWKCHHA 3aMeC- L aapemaay CG BED Q 300 1200 1600 tml 
THTeJIA B KOJIbILe H MOAB- p— Yea 


JIGHHE €€ B CHEKTPe, O4e- 5 
BUHO, He CBAZAHO COOpa- Pu. 2. CnektTpbl mpomyckaHud pacTBOpOB B CCla m-xaop6en 


; : SHC v5): 

c * ,  3aJibleruya C yKCyCHbIM aHrHapHgoM: fo okHCHeHnA (1); 

pale ee ae us mocyie 2 yac. okucaenua (//); moce 4 uac. oxucnennsa (1/1); 
TIOUKH, a CKOpee OOAZAHO  poene 6 yac. oKuceHua (/V); 0,1M pactBopa B CCla, mouy- 


HeaJIOCKUM KOJI@OAHHAM = unpmelica B Tpouecce peaKWWH OKHCeHHA NepeKHCH alleTH.1- 
OeH30NbHOrO KODA. Y — #-xsop6ens0ua (V); 0,1M pactaopa B CCla a-xstopOensaip- 

5 /KCYCHOTO aHrHApiila 
ne peKuceli anerus-n- erHga (V/); 0,1M_ pactsopa B CCla yKcyct a 


; : NV CCla yKeycuolt Kucsoret (V/T/) 
Beara (DUC Le et a PaCmmOna BA : 


///), ayetua-m-xnop6eu30ua (puc. 2,V) u aneTua-o-xs0p6eH30nua (puc. 3, V) 
MMeeTCA OUeHb HHTeCHCHBHAA MoOsoca MorsouleHuaA ¢C MakcHmMymMom 1175 cm™',” 
KOTOPad BO3HHKAeT B CMeKTpe B Mpowecce peakuMH OKNCIeHHA. MHTeHCHBHOCTE 
HW WIMHA BOJIHbI MAKCHMYMa MOFJIOWLeHHA HE 3aBHCAT OT NOJIO*KCHHA 3aMeCTH- 
Tea B KObIe. IlormouleHHe B STOH OONACTH OTCYTCTBYeT BCIIeKTpe NepeKHch 
NpoOnHoHH6eH30nIa (puc. 4,/V). Orctoa MOXKHO Ce/1aTb BbIBOA, YTO YNOMAHYTY1O- 
yacTOoTy CulelyeT OTHECTH K KOe6aHHAM rpynnbi— C—CH, Ha Konue HenouKkH. 
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QueHb HarisHO Ha BCeX PHCYHKaX MOXKHO MpPOCJIeAHTb BO3SHHKHOBeHHEe 

‘B MpOWwecce PeaKIHH OKHCJICHHA MOJIOCbI MOPIOUeHHA B OONAaCTH cmekTpa 
{220-1236 cm, oweHb MHTCHCHBHOH B CIeKTpax BCeX 4HCTHIX MepeKucert 
 OTCYTCTBYIONLeH B CMeKTPax HCXOMHBIX aJIberHOB M aHruApHAOB. OAHOBpemeH- 
HO BOSHHKaeT novioca Morsio- 


100 ae Ile¢HHA C MakcHmMymom 1300 
cm~!(puce. 1, //; puc. 2, JI— | 
sot Vf}, 80 IV; puc. 3, JJ—IV). Monoca 
fli f nornoulenHa 1300 cm~! npu- } 
60 tf I gw 60 V HaJJI@XKUT YKCYCHOH KHCJIOTe, | 
| | | KOTOpad OOpasyeTca Hapsany 
40 | | 40 ¢ nepeKHcbIO B mponecce. | 
\ | peakuMH oxkuceHua. Toz- 
4 2 TBepKMCHHEM ZTOMY CJLYKUT 
0 : eee i). TOT (pakT, YTO CHeKTp yKcyc- 


Os, 100 HOW KUHCJIOTbI HMeeT O¥CHb 
Bo} | i } 80 HHTeCHCMBHY!O MOJIOCy MOr0- 
| i IleHHA C MakcumMymom 1300 

sol VI | | t 60 em~? (puc. 2, V///). Kpome 
pe Pe VY Hee BCMeKTpe yKCycHOH KuH- 


HOT || 40 CJIOTbI HM€€TCH OUCHb HHTEH- 
| CHBHaA Woloca Cc MaKcuMy- 

20 | 20 mom 1710 cm=!, npuHagae- 
Ola. moti OL malian KosecanuaimpGee tas 
100% 4 th 100 K t B 9To xe O6nacTH CneK- 
40 ha zo WT tpa 1704—1710cm~! wexog- 
| | Hble aJIberuAb) TAKE UMEIOT 

6ot VIM j | 60 MOMOCy NOrsOuleHHuA Kap6o- 
I WY wuapnoi rpynnpt. B xoge 

40 40 peaKUHH OKHCJICEHHA MHTeH- 
a me CHBHOCTb MOJIOCbI MOrJoOLMye 


HMA KapOOHHJIbHOH rpynnbl 
0 0 MCXOJHBIX aJIbeETHIOB OJK- 
60g 1200 1600 cmt = 80012001600 cw"? =a ~yMeHbUaTECA. OnHaKo 


Vv v_—» o 
MHTCHCHBHOCTb 9TOH TOJIOCHI 
Puc, 3. CiekTppl mpomycKaHusa pacTBopoB B CCla cmecu 


B Iipomecce peaKItHH OKHC- 
)-X/IOPpOeHSaIblerHa € YKCYCHbIM aHTHAPHAOM: JO OKUC- 
venus (1); mocne 20 Muu. okucneHus (//); nocne 40mun, YICHHA HECKOJIbKO YyBeHUH- 
oxucienua (///); mocme oxoHuaHHs OKHCeHHA (JV); 0,1M BaeTCH, XOTA U HE3HAUHTeIb- 
pacTsopa B CCla, NowyyHpuielica B mpomecce peakItHH HO, YTO TAKXKE YKa3biBaeT Ha 
OKHCI€HHA MepeKHCH alleTHJI-o-xopOeH30nma (V); 0,1M o6pasopanue B peakUHOHHOit 

pactpopa B CCla o-xop6en3anbgeruga (V/) . 
CMe€CH YKCYCHOH KHCJIOTHI. 


B cmektTpax Bcex OOpa3u0B JO OKMCJICHHA HMeIOTCA [Be OUCH HHTCHCMBHBIC 
lOuOCbI C MakcMMymamu 1757—1760 cm-* wu 1815—1820 cm-+. Oru nosoce npH- 
HaleKaT KomeOanuam C = O ncxoqHbIx anruypugos (puc. 2, V//; puc. 4, V). 
B cilekTpax o6pa3i0B B mpomecce peaKIMH OKHCICHHA NOABIAIOTCA HOBbIe 10- 
‘Iocbl € MakcuMymamu 1770—1774 cm-* u 1800—1805 cm-!, KoToppie o4eHb 
HHTCHCHBHbI B CMe€KTpax mMepeKHceH H MpuHalwexaT KONe6aHHam C = O. 

B oOnacTu cnextpa 1300—1750 cm} B mpomecce peakuHu OKUCTeEHUA o6pa3- 
{OB H3MCHAeCTCA HHTCHCHBHOCTh MOsI0c C MaKCHMyMamu 1375—1380 cm-! un 1445— 
1450 cm™*. OTH nomockl Ha6OLaloTCH B CHEKTPaX HCXOAHBIX aJlbyerusoB u 
aHTHAPHOB M MOryT ObITb OTHECeCHbI K CHMMe€TPHUHBIM H aHTHCHMMeTpPHUHBIM 
HeOpMallHOHHbIM KomeOaHuam C — CHs- u CH,-rpynn. 

Bo pcex cnektpax nepekuceli B o6macTu 1580—1630 cm-! Ha6momaetca 
oueHb CaOad mosoca norsoumenua. Ona uMeetca B oOpa3syax JO OKHCIeHHA, 
He TipeTepneBaeT CKOJIbKO-HHOYAb 3HAYMTeJIbHBIX H3MCHeHHH B Mpomecce peak- 
UMM OKHCJICHHA HW HaOwOMaeTCA TakxKe B CMeKTPax BCeX HCXOMHBIX auIb- 
terujos. IlooKeHwe ee MaKCHMyMa, XOTb H He3HaUHTebHO, HO H3MeHAeTCA 
OT MOJOKCHHA SaMeCTHTeIA B KOUbIe. BeposTHO, ee caelyer OTHECTH K 
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“KoueOaHuam Oe€H3OIbHOFO KOJIbIa. ZaTpyHUTebHa MHTepmperalHA To010CbI 
8B oOnacta 1075 — 1100cm-*. Mutencuspnoctb ee BeJIMKa B CHeKTpax aille- 
“THJI-N-xsIOpOeHs0uall, alle THJI-m- 

“X0pOeH30H1a HW Mala B creKTpe te 


‘lepeKHcCH = alleTHJ1-0-xIOp6eH30H- 700 W/o re 
1a. Oa He OOpas3yeTcsa B Ipomecce 7 W/ 
| 


6 
peaKIHH OKHCJICHHA MH MMeeTCA B 20 
cmekTpaxX WCXOMHbIX aJIbJerHqoB 10 ci. 
AWA BbIMeyKa3aHHbIX Tpex mMepe- 60 ~ eo 
KuceH. 2 i 

O6cyxfaa noy4eHHble 9Kcre- 
/PUMeHTAJIbHBIe JaHHble, HEOOXOIH- 
‘MO OTMETHTb, YTO MOJIOCHI MOrio0- 
Me€HHA C MAKCHMyMaMH B OOa- ~ 2 
TH 845—860 cm-!, 1000—1030 
‘em! a 1220—1236 em-}, o6paso- _ 0 
‘BaHHe KOTOPHIX MPOHCXOMHT B Mmpo- 20} 
agecce peakIHH OKUCJICHHA, CBA3a- 
‘Hb, OUeBHIHO, C o6pa3s0BaHHem 60 
TiepeKHCHOH Wenouku Bua 
; —C—O—O—C—. 

I I 
‘Kak ObluIo OTMeueHO BDIIe, aB- 


ON ae aN 
‘Toppl padot (',”) oTHOcAT momocy 20 


B oOnacTu 1000 cm-! kome6aHHAM 800 1000 ©1200 = 1400 1600~—«*1800 cm 
—O— O — cpsa3H apomaTu- oda 

ueCKHX epekuceH, a mosocy 
880 cm-! — Tol 2%e CBA3H aJN- 
«paTuyecKoro pxfla_ mepeKuceli. 


Puc. 4. Cnektppl mpomyckaHua pacTBopos 8 CCla 
CMeCH 6eH3aubferufa C MpOMHOHOBbIM aHrHApHAOM: 
fo okucnenua (/); nocme 2,5 uac. okucsenna (//); 
mocule 5 yac. oxucneHua (JJ); 0,1M pactsBopa B 


Ha Hall B3rimag, moqo6Haa UuHTep- 
lipeTauwaA HeyOequTembHa. Hann- 
uve JOCTaTOUHO xapakTepucTHye- 
‘CKHX MOOc KoMeOaHHH —O—O— 


CCla, Nomysuputelica B Mmpolecce peaKIHH OKHCJe- 
HHA MepeKHcH mponvouus6eH30na (/V); 0,1M pac- 
TBOpa B CCl4 mponMoHoBoro aHrH~ApHsa B OOMaCcTAX 
cnektpa 950 — 1300, 1670 — 1900 cm™! (V); 0,1M 


pactsopa B CCla 6eH3aibgeruga B OONaACTAX CIeKT- 


ytepekucelt Tuna R — : —O— pa 950—1050, 11001300, 1670—1900 cm}, (V/) 


 O- — R’ aBAAeTCA MaJIOBEpOATHBIM. Bovtee ecTeCTBCHHO IIpeAMOOKUTh, YTO 
| 
O 

TNOABJICHHE STUX MOJIOC CBA3AHO C KOMeOAHHAMH BCeH WeMOUKH Kak IWe/Oro, a He 


TOJIbKO cBa3H —O — O—. BepoaTuo, 3TH mosmocbl, oco6eHHO HHTeCHCHBHBIE 
B o6mactTH 1000 — 1030 cm-! wu  1220—1236 cm-!, xapakTepHbi va 


WenoukH Bua i Olen ee i — JIaHHOrO KJ1acca Coe HHeHHH. Pa6ora no H3 VHe- 


HUIO W.-K. CI€KTPOB APyrHx MepeKHCHbIX COeAHHeEHMH OyeT HAMH MpOLOKeHa. 
_ ABTOpbI BbIPaxKatoT OmarogapHocTb pod. IO. A. Oupgexony, [. C. Bpr- 
uuHa, H. E. Hectepopuy 3a mpesocTaBjenue coesvHeHHi. 


_ BelopyccKH rocyfapcTBeHHbI YyHHBepcHTer 
um. B. HM. Jlenuua 
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Jloknagyp AkajleMun Hayk C.GGR 
1961. Tom 136, Ne 5 


XHMH ff 
Jl. X. ®PEMVJINH u B. 3. WIAP® 


UCCJIEMOBAHHE CTYMEHYATON AEPHAPATALLMH PJIMKOJIEH 
HA TPHKAJIbILAH®OCPATHOM KATAJIN3ATOPE 


(IIpedcmasaeno axademukom A. A. Baaandunom 19 1X 1960) 
KatasuTuyeckas JerMapaTalusa JByXaTOMHbIX CHWPTOB B OTJHYHE OT pa 
aTOMHBIX Malo u3y4eHa. 13 TpHMeTHJeHrIHKOIA PH 250 — 350° na AloOs Obra 
NOSYYEHL! 2TAWIOBbI CUMPT, DPOAYKTH! CTO W3OMepH3al\yH, ICH POR ee 
poBanus UB pyre. Okucb TpyMeTHJeHa He OOHAapyxKena (1). TloaHyto Heraapa: 
Taluio OyTaHAN 


y) ona-1,4 KaTa.1H- 

100 rs supyroT = Al2Os, 
iS %& 
& 80 S oe Cr2Os, _ CaCle, 
= 60 8 Sai 6 CaHPOa,NasPO s 
S S S, Ha yrae (*), a 4a- 
Soe s aa cTHYHYIO Jernd- 
oe 3 B20F paTaluio B TeTpa- 
: a ruipopypah — 
Q ‘ Z : ; : Lh : P KaTHOHOOOMEH - 


Yucno C-amomob enuxons YucnoC-amomob enuxona Yucno C-amomo6 oxucu tires Menon (3 ), 


Puc. 1. Jleruapatauusa rauKoselt Ca, C; 4 Cg: A — Bokcaunkatanp KUCJOTHI (y cpoc - 

mpu 280° (7), 300° (2) u 320 (3); B —B anonepunpr npn 335° (/), caTbl, XJOPHAbI u 

350° (2), 380° (3), 410° (4) u¥420° (5); B Pe arene apyrue (°). By- 
J ; ° 29 4 10° 490° 2 
aHOB B AHoJepunE! wp 390° (7), 400° (2), 410° (3) u 420° (4) rTeH-2-nnon-1,4ne- 


ruApaTHpoBasica B AHrwApodypaH B MmpHcyTcTBHH KucIOT, AleOs, ThOe u 
AlPOs (°). Tlenranguon-1,5 oG6e3BoxKuBaIca Ha cocdope Bs nentTaquen-1,3 ¢ 
BHIXOLOM 37%, a Ha Al2Os vu KaouHHeE oOpasoBasicd TeTparuaponupan,42 % (*). 
Ha WoHOOOMeHHBIX CMOJaX OOpasyeTcs TeTparnyponupan (°). Tipu pelicrBun 
KOHIEHTPUPOBaHHON CepHOH KHCOTOH u3 reKkcaHyMowa-1,6 Obwiu nmosyyeHbs 
a-MeTHJITeTparuaponupan (*), a 57% H2SO, — oxucb rekcametusena (°). 
B wacTosilelH paOote uccieqoBaach JernpaTalua pAa 2MONOB B OOJbLIOM 
MHTepBasle TeMMepaTyp B OAMHAKOBLIX YCJIOBMAX Ha OMHOM MH TOM Ke KaTalu3a- 
Tope. IlapansesbHo w3yYaach eru{paTalys BO8MOXHBIX IPpOMeKYTOUHDIX 
NpOLYKTOB peakIWY — OKCaIMK.JaHOB M HeNpesebHEIX coupToB. [losyyenHpie 
pe3yJIbTaTbI NOSBOJAIOT CYIUTb O BJIMAHHH CTPyYKTYpbI ranKOJeH Ha HanpaBleHne 
peakWMH, 06 yCJOBUAX, B KOTOPHIX OBM NpeTepneBaloT JHU YaCTHUHYIO JeruApa- 
TAILMIO B OKHCb, HM NYTAX WX NOJHOM TernspaTawuu B TMeHOBBIM yreBoxopor. 
B unteppase Temnepatyp 280 — 320° ramkosu Ca n Cs cenekTHBHO Jleruapa- 
THPYIOTCA B CooTBeTCTByrollMe OKUCH. Ha puc. 1A BuaHO, 4TO NerKOCTb O6pa3o- 
BaHNA OKCalMKJaHOB yObBaeT B pay: C1 >Cs>Cy. Terparugpodypan nosyua- 
eTCH C OOJbIIBM BbIXOLOM HM NPN Gonee HU3KOIi TeMDepatType, YeM TeTparHApo- 
IIMpaH, KOTOpPbIM NowyuaeTcs serve, YeM OKUCb TeKcameTuJeHa. Bane 320° 
OOpasyloTcaA TakxKe HENpPeeIbUbIe CHUPTHI H AHOMe*HHOBHIE yrseBOLOPOAL. 
HampaxkeHHOCTh OKCalMKJaHOB (B KKaJ/MOSb) cocTtaByaeT aa Ca 4,6, 
Ans Cs—O, J[nsi Cau Cy ona, BeposTHO, OJM3Ka K HANpsKeHHOCTH THAalUKJaHOR, 
cooTBeTcTBeHHO, C3 19,8 u Cy 3,9 (1°). OnHako, Kak BuaHO u3 puc. 1B, cTeneHD 
AeTHApAaTaUMN OKCALMKaHOB Ca W Cs B paBHbIX yCIOBMAX OKa3aaCb NPHMepHO 
OJMHAKOBOH, a Jin Cy OHA 3aMeTHO Gombe. M3 conoctaBjyeHHua puc. 1B u 1B 
CueAyeT, TO OKCaUMKJAHbI TpyqHee JeruspaTupylorTcs B AMoOMepHHEI, YeM Co- 
oTBeTCTBYIOUMe TIvKOIN. TeTparuipodypan HauuHaeT jeruipaTupoBaTECA B 
AMBHHHJ pu Temnepatype, koTopas Ha 100° Bplue TemmepaTypbl Aerus~paTaunu 


OYTAHAHOJa BMBHHH. AHasOrHuHo u TeTparuApOnNupaH 3aMeTHO TPyHee o06e3- 
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BOOKHBaeTCA B DeHTAMMeHB, “em MeHTaHMos-1,5. Kak BuHO 43 puc. 2B, Mak- 
| CHMAJIbHbI BLIXOM rekceHona — 17% (kpuBas 2) Oplm DoTy4eH pu 350°, oKHCH 
_ rexcaMeTHJieHa — 32% npn 380° (kpuBas 1) u rekcaquedos — 60% pu 400° 
' (kpupaat 3). Untencusnoe oOpa3zoBanue Avoseduna IpH TemMepaTypax BBIile 
_ 350° mp OMHOBpeMeHHOM poctTe BbIxXOjla OKNCH TeKCaMeTHJeHa WM CHYKCHUH BBI- 
| xojla rekceHowa MoKasbiBaeT, 4TO MHoNeUH oOpasyeTca YTJaBHbIM OOpa30m 
3 reKceHOJa, KOTOpbIii MeHee ycToiunB, Yem OKUCb. JleHCTBUTebHO, NPM Mpo- 
“TlyCKaHHH Hal KaTaM3aTOpOM TIpH 400° creneHb mpeppalleHuA reKceHOJa B 
rekcaguen cocraBuia 75 — 80%, a oKHCH reKcameTHeHa — 18%. Takum oOpa- 
30M, O6pasoBaHve AMOJepUHOB B STOM Mpollecce MpoTeKaeT IIpeHMyllecTBeHHO 
| depes cTaguIO HempeseJIbHBIX CITHPTOB (II), ane uepes cTaqmio OKcalMkK1aHoB (I): 


. asa Ppa pate 

{ —(CH2) , — 

BHO (CH2),OH | ( ) = Coney 
Mom CH; = CH — (CH2), ,—OH 1,0 


Uto Kkacaetca HenpeeJIbHOrO CiIUpTa, TO OH MO*KeT oOpas0BaTbcsi WYT€M W320 
MepH3 allnu OKCauukK Jana: 


== 


ee ee ee 


Ere ee (ali Shel (CH2),.9OH 


160 HenocpeAcTBeHHO JlernspaTalMeH Moa. B nauwux onpirax upu 340° u 
| BbIIMe H3 OKCaILMKaOB OOpa3s0BaJUCh JIMOJIe@UHEI, a HeMpesesIbHbIe CIMPTbI He 
6blain OOHapyxeHI. IIpu ReruspaTalun riMKoueH B TeX %Ke YCOBUAX Hap ALY 
cc AMomeduHAaMH NowyyaNch M HeMpeeJIbHbIe CIMPTHI. Tlostomy HeoOxoLHuMo 
| ZOMYyCTHTS, YTO MPH VOBBILIEHHbIX TeMMepaTypax H3MeHACTCA MeXaHH3M peakIui 
M MlosBuIdeTca HampaBenue II co 3HayHTeJbHO Ooee BICOKUM TeMMepaTyPHbIM 
Kosduunestom, yem I. B calyyae MenTaHAMoNa TeMMepaTypHbIM KOSPPUIMeHT 
peakuuu (II) oTHOcHTeIDHO MaJI, HOSTOMy CKOPOCTb o6pazs0BaHuA Anomeduna 
MeHBbINe, 4eM H3 AHoOTOB Ca vu Cg, puc. 1B. 
DSkKcnepumMenTaaAbuaad {VaCcTh 
ONBITEI DPOBOANIVCh B NPOTOYHBIX YCJIOBHAX B KBaplleBoli TpyOKe. OObem 
_Katanusatopa 25 ma, pasmep 3epes 2X3 mM. IIpurotopyenve KaTalusatopa 
-omnucano B (4). J[vonbl (OKCalMKJIaHbI, HeNpelesIbHbIe CNMPTH) MpomycKaJHCb 
paBHOMepHO Co cKopocTb!o 17,5 ma/uac. PKHAKHE MpOAyKTbI peakiuu Cy HJIMCb 
Ha UpOKaJIeHHbIM MOTALIOM u (PpakKUMOHUPOBAINCh Ha KOJONKE 157.7. Onpegema- 
_J0Cb cOfepxKaHHe B HUX KapOOHHIDHBIX Py W HeMpeAe/IbHbIX cpa3sen. ITo- 
JIO*KeHUE JBOHHLIX CBA3eH OpeyeAIOCb MeTOXOM K. P. C. Bpixoy, BbIYMCIAICA 


Ha MponyuleHHoe coesuHeHHe. 
ay 
JleruypaTauuaA TpuMeTHMCHTANKONA (r. Kum. 95°/5 MM, 


nj 1,4396). Cremetb ero mpeppaliienus mpH 250, 300 nu 350° cocTaBuJia 
 cooTBetcTBeHHo 5, 20 u 49%. OcHOBHbIMM MpoxyKTaMH peakinn ABJIAIOTCA 
| asaunoppiit cnupt (Tr. Kum. 96 — 97°, d; 0,8569, np 1,4136) u IIpOMHOHOBBIIt 
anbnerug, (Tt. Kun. 47 — 49°, dy’ 0,7970, n® 1,3644). Oxucb TpHMeruseHa 


He Oblia OOHapy2KeHa. , 
Jlerugpatanuus Oyten-2-quona-1,4 (T. Kun. 115 — 122°/8 mM, 


d® 1,067, n° 1,4732). pu 280° crenenb npespamenus cocraBuuia 60% . Ocuos- 
HbIMH TIpOMyKTaMH peaKkIMH ABJIAIOTCH 2,5-lurnspoypan (T. KUM. 66 — 67°, 
29 9 9560; n® 1,4275, sBprxon 25,8%) M KPOTOHOBbIH  aJbqerua 
(t. Kum. 102 — 103°, d® 0,8519, n%} 1,4370, Bpixon 11,5%): 
Whe i 
CHOH — CH = cH CH.OF + H,0 +| S0| CH, =CH=CH»+C 
. = \ 
j H 
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Jleruatpatauusa 6OyTranazuona-1,4 (tr. kun. 106°/5 mm, dq’ 1,015, 
nj 1,4478), puc. 2A. B unteppane 260 — 320° o6pasyetca TombKO TeTpa- 
rugpopypan (tT. Kun. 64—65°, di” 0,8878, ni} 1,4075), Bpixoy, KoTOporo jocTur 
98% (KpuBaa J): 


to 
100 HO — (CH2)s—- OH > H;0 -b 
80 z DO: 
ay 00 a 
8 40 IIpu Gonee BbICOKHx 
%S TemMepatypax BbIXOA TeTpa- 
ue ruypodypaHa CHMKaeTCS: | 
MW OOpa3yloTcsA TakxKe JMBH- 
% Hus (OmpefeseH XpomMaTo- 
a rpacduyecku), OyTeH-l-on-4 
a (r. Kun. 113—115°, a 
are 0,8460, n%) 1,4244), 6yten- 
340 2-on-4 WH MaCIAHbIM adibje- | 


rug. Tipu 336° Bpixog ra- 
3000pa3HbIX TIPOLYKTOB co- | 


320 340 360 380 400 4207 200 220 240 bo veo ~=— CTABUN 14%, a npu 426°— 
73%, eCIH BeCb ras MpH- 


Puc. 2. Jlerunparauna 6ytanyuona-1,4 u Terparuzpopy- HATb 3a AMBHHHJ (puc. oy 
pana (A), nentanqvona-1,5 u rerparuzponupana (5), rex- 2). B onbite mpH 426° »w 
cautuona-1,6 (B), 3,7-qHMeTHoKTaHaHoua-1,7, H WAT- pa3006pa3HbIX MpoyKTax 
» None Sey aock -” 
ponetNona (I); a — oKcalnklanbl, 6 — HenpesebHble orlpeseeHo 73% JMBHHH- 
CHHPTbI, 6 — AHoepHHbI 7 

ya. Terparuipodyparn npu 
340° nomHocTbIO BOsBpallaeTca Heu3MeHeHHbIM. Ero flernapaTalua B Ii- 
BUHHA HaunHaeTcH MpH TemMnepatypax Bbile 380° (KpHasx 3): 


0 “4,0 coGH a CH CHee GL 


IIpu 380 — 494° B xH_KOM KaTamu3atTe OOHapyxKeHb! Obl TOJIbKO TeTparuy— 
potypaH H Boa. 

Heruaqpatauuvx nentrauyuonael,5 (tr. Kam. 115°/5 uM, 
dy 0,9850, nf 1,4512), puc. 25. B unteppane 280 — 343° nenTanqno. 
CeJleKTHBHO eruypaTupyetca jo Terparugsponupana (T. kum. 86,5 — 87,5’, 
dy 0,8634, ni} 1,4280), xpusas /: 

HO= (Ch) Onno +K YO. 

Rpixog ero npn 343° cocrapus 72%. IIpu GOonee BbicoKHx TemMmepaTypax 
oOpasylorcs TakxKe nenTeHom! (tT. Kun. 135 — 139°, dj’ 0,8412, np 1,4377) 
H tleHtaqvenp (I, T. Kun. 23 — 26°, nf 1,3895, uacrota cneKTpa K. Pp. C. 
1647,3 cu4; I], +r. kun. 41 —492° “n= 1.4320" gactota cuekipa Ken puee 
1651,1 cm; mpw ruapnpopanuu vena normomjaetch ~ 2 mons Hy), KpH- 
Bad 2. IIpu 423° pprxoq mentaqueHop coctapisnet 33%. B orcytcrBHe 
KaTaM3aTOpa TeHTaHAHO pH sToh Temmepatype He M3MeHHsIca. IIpr 
389 —1418° u3 Terparufzponupana oOpasoBpanucb MeHTaqMenbl (KpuBas 3): 


ee »o -» H,O + CH, = CH — CH, — CH = CHa. 


Heruapatanwua rekcanyuouna-1,6 (tr. kun. 127°/5 um, T. na. 40°). 
puc. 2B. Wponryktamu peakunu ABJIAIOTCH: OKHCbh reKcaMeTHJIeHa, KpHBas / 
(Tt. kun. 119— 120°, di? 0,9037, n$ 1,4394, C 71,59%, H 12,00%, u.-K. 
cnekTp Kak B (1%)), rekceHombt (T. Kun. 155 — 158°, d?° 0,8418, nd 1,4375, 
WacTOTbI cnekTpa K. p. c.: 1642 cm? u 1678 cm™'), kpuBas 2, H rekcagneH-1,5 
(tr. Kan. 61 —64°, d;° 0,7031, nS 1,4110, npn rugzpupopanun norsomaer 
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{ 2 mona Hy, wacrota cmektpa k. p. c. 1642 cm), kpnBas 3: 
if Other eu 
§ H,0 -+- | yo 
A oo Deals 
| HO — (CH). — OH— H,O + CHz = CH — (CH2), OH 
( \y 2H20 -++5CHg = CH — CHg — CH2 — CH = CHz 


OjHOBpeMeHHO OOpa3yIOTCH MpOLyKTbI U3ZOMepHsallHH: o-MeTHJITeTparUApo- 
pau, &-39THJITeTparHyApopypan, rekcanuen-1,4 u yp. 

Jleruypatanug 3,7-RHMeTHMOKTAHAHONAa-1,7 (tT. KHN. 
133°/4 mm, d;° 0,9274, nb 1,4609), puc. 27. Peaxuua mpopogusach B Ba- 
kyymMe (20 mM), KouIMUecTBO KaTasM3aTopa 100 Mua, cKOpocTb mponyckanns 

-quona 90 ma/uac. IIpu 200° avon cenekTHBHO JleruapaTHpyetca oO WHTpo- 


Hengona (T. kun. 128 — 129°/22 mm, dj° 0,8547, n> 1,4609), KpuBan /, 
-c sBbIxoyom 84%. Buixon puonebuna (7. Kun. 162 —164°, d;° 0,7984, 
j ny 1,4522, uactorpt cmekTpa K. p.c.: 1644 cm! u 1669 cm”) cocrapun 5%: 
j fe ‘é 
; 


| 
PGs Cee we ee ee ten Ce Cae 
c C “ | 
| i . OH 


eee. CC —-C—C _ 

| | ee C G 

OH OH l | 

“. 2H,0 + C = C—C—C—C—C—C=C 
IIpH NoBbIeHHH TeMMepaTypbI BLIXO, WUTPOHeEIJONAa CHMKaeTCA, a WHOedH- 
Ha COOTBeETCTBEHHO BO3pacTaeT (KpuBax 2 )u mpu 290° coctaBu 90%. B cxox- 

' HbIX YCJIOBHAX WHTPOHeIION MeruspaTupyetcs B WHOJepuHH MpHMepHO C Ta- 
KHM Ke BbIXOJIOM, KaK VW JMOJ (KpHBas 8). 

Takum o6pasom, Jeruipataina aw-raiuKkosen Ca, Cs u Cy npoTekaeT cTyneHya- 
To. Ha nepBoti cTaquu mponecca o6pasyetca oKcauukKJaH. Ha Bropoi cTaqun 
oOpas3yeTcd TakxKe W3OMEPHHIM eEMy HempeseJbHbIM OHOATOMHDI CHMpT. -KoHeu- 
HBIM MPOLYKT peakUHy Jleruspatalwy LuoJOB — AMoNepuH NWOsy4aeTcsA mpe- 
MMYILeCTBEHHO Yepes cTajui0 OOpasoBaHuA HenpegzembHoro cnupta (II), a He 

—yepe3 okucb (1). . 

I Byteu-2-yuon-1,4 feruspatTupyerca B OCHOBHOM C OOpa30BaHHeM OKHCH. 
B npofyktax jeruzpataunu zuonos Cs u Cy cooTBeTcTByIOUwe OKUCH He ObldH 
oOHapyxeHbE]. OpHako, no aHasoruu c (‘), BO3MOKHO, 4YTO IPH LeruapaTaiuy 
TPHMETHJICHTIHKOIA OKUCb TpuMeTHIeHa OOpa3syeTcA, HO OLICTPO W3OMepKi3yer- 
CA B aJMJOBLIN CUMPT WH MpOMHOHOBHI aJiblerug. B caydae OKTABAMOJIA OKHCb He 
oOpa3yeTca, BeEpOATHO, BCIesCTBHe HepaBHoleHHocTu ero OH-rpym, 43 KoTo- 

| pix TpeTHUHad OTINeENIAeTCA pH SOoee HU3KOH TemMepatype, YeM NepBudHaA. 


| Wnctutyt opranwueckoli xumun uM. H. JI. 3enuncKkoro Toctynuao 
, Axajlemun naykK CCCP 10 IX 1960 
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Jlokrnaygn AkayemMuHn-: Hwayk GCG 
1961. Tom 136, Ne 5 


XHMH A 


Cc. HW. XPOMOB, 3. A. WIOKOBA, X. E. CTEPHH u axkagemuk B. A. KA3AHCKHH 


KOHTAKTHDbIE MPEBPALJEHHA WAKJIOOKTAHA B MPHCYTCTBUM 
HUKEJIEBOrO KATAJIM3ATOPA 


B 1908 roxy Buapurrettep u Kameraka (*) npiraiucb H3y4HTb MpeBpause- | 
HUA WMKorentana H IMKJOOKTaHa Hal HuKesem mpu 205—250°. Pa6ora c ma- | 
JibIMH KOJIM4eCTBAaMH BellecTB (2—3 r) HM OTCYTCTBHe COBeplIeHHbIX MeTOJOB 
HCC€LOBAHHA He MO3BOMHJIH ABTOPaM MAeHTHPUUMPOBATh MpOMYKTbI peakUMN. | 
OyHaKO OHM BbICKa3aJIM MpeMoNO*KeHHe, ITO B pe3yJIbTaTe TIpOBeseHHA MapoB 
UMKIOrentana Ha, HUKeIeM B TOKe BOOposa mp 235° oOpasyeTcA MeTHJILMK- 
jlorekcaH, a mpH 250°’— apomartuyeckue yruieBogoposnl. L[ukKO00KTaH xe, 10 | 
HX MHeHuIo, mpH 205—210° u3somepu3syetca riaBHbIM OOpas0M B JMMeTHILMKI0- 
reKCaH, BO3MOXKHO, C IIPHMeCbIO a/IKMJIMPpOBaHHbIX IMKJIOMeHTAHOB. ABTOPbI OCO- | 
60 OroBOpHsIM, ITO MapacHHbI HOPMAJIbHOrO CTPOeHHA, a HMCHHO, H-FellTaH u 
H-OKTaH, OOHApy?KeHbl He OblIH. 

B wactosmelH paOote ObliM HCCeMOBaHbl MpeBpalleHHA WMKJIOOKTaHa Haj | 
HHK@IeBLIM KaTaiu3aTopom (50% HuKema Ha Ku3enbrype) mpH 200 u 250° B | 
Toke Boqoposa. Kataiu3atT, NOyYeHHbI “3 WHKIOOKTaHa mpH 200°, Obit ene 
Ba pa3 MOcNe{OBAaTeIbHO NpoOBeeH Hay KaTaJH3aTOPOM MpH TOM %e Temiepa- 
Type. I]peppamjenue WHKJOOKTaHa cocTaBuio ~ 61%, a AByKpaTHOe KOH- | 
TaKTMpoBaHHe pH 250° BEIsBaO mpeBpameHve UMKMOOKTaHa Ha ~ 81%. 
[lomyueHHble KOHeYHBIE KaTaH3aTbl NOABeprayHcb pa3roHKe Ha 93ppekTHB- 
HOH KOJIOHKe, a COCTaB (pakUMH HCCJleqOBaJICA C MOMOLIbIO CeKTPOB 
KOMOHMHaLMOHHOrO paccesHuA. B pe3yJbTaTe MpOBeeHHBIX OMpeleseHH Obi 
YCTaHOBJI€H C€AYIOULMM COCTAB KaTaJIM3aTOB: MOYYeHHEIM mpu 200° KaTanu3aT 
cocTOAJ H3 H-OKTaHa (~ 15% oT Beca %*KHAKOM 4“aCTH KaTaM3aTa), WMKOren- | 
Tana (~ 6%), wuc-1,2-muMeTunuMKsoMeHTaHa (~ 5%), H-remtaHa (~ 4%), 
MeTHIMAKIOreKkcaHa (~ 3%), mHKMOrekcaHa (MeHee 1%) H O¥UeHb HeGObUIOFO | 
KOIMYeCTBa WHC-OuuMKIO-(0,3,3)-okTaHa-(Mc-nMeHTamaHa). Kpome Toro, eCTb | 
OCHOBaHHA MpeqnolaraTb NpHcyTcTBHve B KkaTamM3ate TpaHc-1 ,2-quMeTHJ-LHKJO- 
rekcaHa. Oxono 46,5% oT Beca KaTaiM3aTa IpUXOAMTCA Ha JOO HeMmpopearu- 
poBaBuero WHKIOOKTaHAa. []omyaeHHble JaHHbIe MOSBOMAIOT MpeANOMOKUTh Cwe- 


JLYIOuLyIo CXeMy peakILMH: 


{ 


(S75 ae eee 


i / 
C 1, CHs 


> A-CgHig — A-C;Hie 


— 
ma 
~ 


oe 


y 


NS 
es 
Hi 

Zi 


dine 


UKJIOOKTaHa, M3 WMC-MeHTaana 
11%) uw GeH30na (~ 2%). 
glorekcaH, WukKsorekcaH, wuc-1,2-qumeTuuuKonentan, 


aTaIM3aT, NOJYYeHHEI mpu 250°, coctoam, NOMMMO HelpopearupoBaBuiero 
(~ 8% oT Beca KaTamu3aTa), 
Kpome Toro, Obl1M OOHapy2KeHbI: MeTHJIILAK- 


ToOsyoua 


reM-AHUMeTHJIUUKJI0- 


KCaH, KOJIMYCCTBEHHbIEC COOTHOMICHHA KOTOPBIX OMpeeHTb He ymaocb. [lo- 
JY4eHHbIe JaHHble MOSBOMAIOT MpeAMONORKUTH CueLyioulyio CxXeMy Mpespauye- 
WH WHKNOOKTaHa Hay] HMKeJIeBbIM KaTaIM3aTOpoM npu 250°: 


ae —---——-- = H-CgHig 
| 
CHs 2H 
cee | oC O-U-= 
‘ 
fees] 
Miah: sels 
| 
We D2 
' ie vive’ 
\ ye é 
| | We: 


_ Takum o6pa30M, Np MpoBeseHuM WMKOOKTaHa Hay, HUKeJeM, OT/O%KeHHbIM 
Ha KW3eNbrype, B CHJbHOM TOKe BOMOpOfa B CpaBHUTeIbHO MATKUX TemmMepa- 
“TypHEIx ycmoBuax (200—250°) nporekatoT TpH mpouecca: BrlepBble OOHapy2KeH- 
HEI HAMM THPpOreHOH3 BOCbMHYJIeHHOTO WMKIa C OOpas0BaHHeM H-OKTaHa, 
@HaJIOrHYHbI rusporeHomu3sy CoeqMHeHHH C MeHbIIMMM WuKIamMu (?~°*), TpaHc- 
@HHYMApHAaA JervAporeHusauMA, MpHBOLAMad K WMC-MeHTaaHy, uM mocTaguii- 
Had W30Mepu3allHaA WMKMOOKTaHa B COeAMHeEHHM C CeMH-, IeCTH- HW NATHUWIeH- 
HBIMM Koubiamu. B KOM4eCTBEHHOM COOTHOLICHHM STHX MpOWeccOB HeMa/1OBax- 
‘AYIO poub urpaeT TeMnepatypa peakunu. Tak, THIPOTeHONH3 UWHKJOOKTaHa B 
gaMeTHOM CTeMeHH MpoTeKaeT Hub mp 200°, a mpu 250° stor mpouecc npaKTu- 
lyecku He HaOmlofaeTca, Tora Kak OOpa3oBaHHe MeHTaaHa XapakTepHo raB- 
HEIM OOpasom Avia 250°. TIpoweccst U3OMePH3allHH MMKJOB, CONpoBorxKaemble 
THApoKpekuHToM, uAyT uw up 200" u mpH 250°, oHako mpH 250° on“, Kpome 
‘TOTO, OCNOMKHAIOTCA ele APOMATHS3AL[Mel TeKCAMETHJICHOBLIX YIJIeBOLOPOOB.. 
‘VWiutepecno oTMeTHTb, uTO OOHapyXKeHHBIK B KaTasM3aTax wuc-1,2-tuMeTHALHK- 
jlomeHTaH OOpasyeTcA, BEPOATHO, B Pe3yJIbTATe YKa3aHHbIX MPOWeccoB U30Me- 
pusanuu. [loqrBepkKleHHeM STOMY ABMIACTCA TOT (baKT, UTOB KaTasM3ate, nosy 
YeHHOM NpH 200°, sToro yrueBoLoposa cosepxKUTCA Coble, YEM B KaTaJNs3aTe, 


x 


Ta6Oauna 1 


8 JAH, rv. 136, Ne 5 


KomnyectBo 
NoNe Iipeqetbl BbIKH- 20 20 Anu. 

gpaxyun |nanua mp 727 MM AD) dy, TOUKAa B BeC 

B°C Bor % 
ile essadmene ys al ae aiid eel aberecedbammes BEDE 0! enka 
; t no 93,7 4 ,3885 = 0,95 | 4,4 
7 2 93,7—103 41,3970 | 0,7070 a 1,66 | 7,7 
a 3 103—119 14,4211 | 0,7604 -_ 161. 6,5 
1 4 1149130 | 1.4095 | 0.7337 | 59,8 | 4,57 | 2172 
i 5 130—140 41,4431 | 0,8150 =: 2,56 | 14,9 
) 6 140—149 41,4581 | 0,8372 4 5,83 | 27,0 
yi OctaToK 1,4587 | 0,8348 = 4,14 | 19,2 
Tlorepu _ — —_ 0549} 2,0 
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; Tadstuna 2 
SU AeP PMLA vy rte aay rninans Obes ges rang bei 
NoNo dpakunit Bcero B KatTa- 


142 | 38 | 4 [esse [ps6 saedinn et agate 
Yruepoyopombl, BXOAALHe B COCTAaB 
ompakyn 
B Bec 
Cogepx aHue yYrJieBOWOpOMOB B Bec. % Br % 
| | 
x-l entaH 30 -— — — — — | 0,8 Sul 
x-OKkTaH — 15 60 +* _ — 13,1 140 
I]uc-1 ,2-HMeTHIMMKJIONeHTAaH 40 == — — — — | 41,0 4,6 
IluKknorekcaH oD) = — a _ — |0,13 |} 0,6 
MerustuksiorekcaH 19 15 — _ -— — | 0,6 2,8 
[|uksorentaH — 30 15* os — — | 1,2 5 0Me 
[]uc-meHTaaH — — -|- — — — 
LluK00KTaH = = as — |Ocuor. comepx.| 10° | 46,5 
\ 


* Yrnepomopom oOHapy2KeH KaueCTBeHHO. 
Tlosly4eHHOM pH 250°, Toryja Kak B Culyyae OOpasoBanus wuC-1,2-7uMeTHINHK- 
JloMeHTaHa H3 IMC-MeHTaaHa, B pe3yJIbTaTe THApOreHousa WMC-MeHTasaHa UW 
rHpoKpekunra oOpasyrouleroca mpH STO 1-MeTHVI-2-3THIMMKIONeHTaHa, WuC-1,2- 
UMMeTHIUMKAONeHTAaHa JOUKHO ObIN0 Obl ObITh Ooubule MpH 250°, Tak KaK TIpH 
200° unc-neHTasaH mouTH He OOpa3yetca, a 1-MeTHJI-2-9THIMHKJIONeCHTaH B Ka- 
Talu3zaTe Bootie He HalieH. YmMeubuienHe KOsMYeCTBa HC-1,2-7uMeTHAUMKIO- | 
leHTaHa Ip MpOBeLeHHM peakIHH pH 250° MoxKHO OODACHHTb TEM, 4TO B 3TOM 
clyuae WyT KOHKYpupyroulve Npomecchl OOpasoBaHvA W3 MeTHJIMMKOreKkcana | 
wuc-],2-NMMeTHJIUMKIONeHTaHa C OMHOH CTOPOHbI MH apOMaTH4eCKHX YIIeBO]O- 
poop (6eH30Na M TOyOua), C Apyrou, W paBHOBecHe CABuraeTca BCTOpOHy oOpa- 
30BaHuA mociegqHux. IIpn 200° mpouecchl! apoMaTH3alHH He MpOMCXOMAT, H | 
MOSTOMY Ip STOH TemMMepaType MpOWeHT NpeBpanleHHA MeTHJIMMKIOreKcaHa B 
unc-1,2-RMMeTHIUMKIONeHTaH Oobie, vem mpH 250°. ° 

Heo6OxouMo TakxKe OTMeTHTb, YTO TpPaHCaHHYyJApHaA Merus~porenusauns 
IMKJIOOKTaHa B IMC-MeHTaIaH HM H30MePH3allMA yrvieBOMOpOLOB MpoTeKaioT H 
B IIpHCYTCTBHM IaTHHUpOBaHHOTO yrsA, OMHAKO MpH Gowee BEICOKOM Temme- 
patype, a uMeHHO, upu 310° (°,”). CmenvanbHO MpoBeweHHbIe HAMM OMBITHI T0- | 
Ka3aJIM, 4TO WMKJOOKTAaH, MpONyMeHHbIM Hal akTMBHbIM 5% nwaTHHUpOBaH- | 
HbIM yrvieM B-TOKe Booposa, mpH Temnepatype 200 u 250° He u3menserTca. 


QKCNeEPHMe€HTAABHAA YACTh 


Mcnomb30BaHHbIH B padoTe WHKOOKTaH (*) oOGafal CeLyIOulMMH KOH- 
craHTamu: T. Kun. 149,5° (745 mm); 139 1,4588; d° 0,8356. JIutepaTypuble 2aH- | 


uple (8): T. Kun. 150,7° (760 mm); ! n® 1,45837; d;° 0,8362. 

KoHTaAKTHHe ApeBpameuHuHaA WHKMOOKTaAHA pH 
200°. B kBapueByio TpyOKy momemasocb 48 ma (41,2 r) HuKeneBoro KaTaJIH- 
3aTopa, COCTOMMero H3 PaBHEIX KOJIMNCCTB HHKeIA WM Ku3eNbrypa, Hay, KOTO- 
PbIM B CHJIbHOM TOKe BOZOpoya npu 200° npoBoznsoch 26 r WHKIOOKTaHa C O6beM- 
HOU cKopocTbio 0,28. TlonyaenHbii KaTanM3aT ete ABaxKbI NOABeprasicA KOH- | 
TaKTMpOBaHHlO B TeX Ke YCOBHAX; IPH STOM NOMYYeHbI CeLYIOULHe pesyMbTATEI: 


Tipoperenua Ni Ne 2 N3 
KonuuecTBo KaTamu3ata, I 24,4 PPX 21,56 
n'y | 44470 14370 1, 4350 


CymMapHble NoTepH, BKI0uad OOpasoBaHHe raz00Opa3sHbIX yrieBOLOposoB, pH 
Tpe€XKpaTHOM KOHTAKTHpOBaHHHu cocTaBusmu ~ 16%. 

KatanusaT, OOHapyxXHBaBLIMH OTPUaTebHYIO (OpMOAMTOBY!IO peaKI{H10 
(4TO yKa3bIBaeT HA OTCYTCTBHe APOMATHUYECKHX M HEMpPeNeMbHbIX yreBosopo- 
OB), bpakUMOHMpoBasicaA Ha kKONOHKe B 40 T. 7. Pe3ymbTaTHI pasroHKY 1pel- 
CTAaBJIeHbI B TAGs. |. 

Cocras Bcex *pakuHit OblI yCTaHOBsIeH TYTeM H3y4eHHA UX CMeKTPOB KOM- 
OWHAaILMOHHOrO paccesHHA (cM. Ta6u. 2). 
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FasMune B CileKTpax TpeTbeit H YeTBepTON pakuul aMHNH 500 cm~1n 749 cm 
i AaeT OCHOBaHHe NpeAnoaraTb MIpucyTCTBHe B STUX Ppakmuax Tpanc-1 oe ane 
_ ‘THIMMKOreKcana. Kpome TOrO, 
i Ta6auua 3 
TIpH HCccieqOBaHHH MATOM pax- 


| WHH B ee CilekTpe ObWiM OOHAPy- ayy awe ie on | Koausecrso 
‘KeHEI APKMe JIMHHM 730 cm7* MW opaxk- | anus npn np | dy B Bee 
1002 cm=1, Koroppre He cmorna _S%™_| 74 wm» °C ar |°% 
_ ObITb pacmudposantt. 
1 KouTakTHpe Tl p € B- 4 no 94 1,4110/0,7349] 1,18 | 9,9 
pPamenua WHKAOOKTAa 3 | soa 449 |t’asesl0'stis| 2°90 | 19°0 
“Ha mpuH 250°. Onpits mposogu- % 119—127 |1.4112/0,7329| 2°90 | 2474 
"auc B YCNOBHAX, aHaIOrHuHblx 5 Octatox |1,4594|0,8276] 3,40 | 28,3 
| OMHCaHHBIM Bbllue. JIA KaTannsa Tlorepu = — | 0,99} 8,3 


ObIIO B3ATO 18, 4 r WMKJIOOKTaHAa. 


Katanusat Onin MOBTOPHO MIpOBeeH Ha KaTaJIH3aTOPOM; Pe3YJIbTATbI OMBITOB 
Obi cle youve: 


IIpopeyenua Ne Ne 2 
KoyuectBo KaTasM3ata, Pr 13,4 12,0 
no 4 4360 1 4320 
_  Cymmapupie norepn, BKJIOUaA OOpas0BaHHe ra3z00OpasHbIx YrMeBOLOpONOs, 
\ 


‘cocTaBHIH ~ 34%. 


Katanusat ppakuMoHHpoBavica Ha KonOHKe B 40 T. T. Pe3ybTaTb pasroHKH 
(cM. Ta6. 3. CocTaB Bcex pakuuii Obi ycTaHOBJeH NYTeM H3YYeHHA MX CHeKT- 
POB KOMOHHAIIMOHHOTO paccesHHA, pe3ybTAaTHI KOTOPOrO cM. Tabu. 4. 


Ta6Ouautna 4 


NeNe bpaxunhi ee ore 
Yraepogxopo BxoOzALjue 
Op Peoacaa) B cocTaB py atsico) | 3 | ie | 5 tte e pec. 
Cofepxanue yrmeBoqopoxos B Bec.% ‘ ° 
Bexs3ou 10 — —_ On25y ted 
‘Toayou ; +* 60 —) — fee MOORS 
‘Uuxkaorexcau -* 2 — _ 
‘Metuauuksorexcan +* 3 — — 
1,1-JlumetunuuKksorekcan a — 2 — 0,06 0,5 
‘LUne- 1, 2-uMeTHAWMK AONeHTAaH ts G — — On Lee 
Tpanc- 1-MeTHJ1-2-3THJIUMK JONeHTaH — -— -+* — 
‘n-OKTaH —_ — +* . 
[uc-nentTaaH — = 35 * 4,0 8,3 
Uuknooxtan oss a = @cnosn iscy4) 4) 2On0 
comepx. 


_ * Yrnepox o6Hapy2xxeH KauecTBeHHO. 


Metogquka nowy4eHua HW H3Mep CHUA CIEKTPOB KOMOMHALHOHHOLO p accesHHA, 
SP rieReninaca B HacTOAeH padoTe, aHajlorHuHa omMcaHHOH pauee ("). 


Mockosckult rocyJapcTBeHHbIli YHHBepcuTeT Tloctynuso 
um. M. B. Jlomonocosa 11 XI 1960 


4 IIMTHPOBAHHAS JIATEPATYPA 
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Jlokxaygm AxkagemMuu nayk CCCP 
1961. Tom 136, Ne 5 


XHMHA 
3. A. LWABAPOBA, T.C. PABOBA u M. A. MIPOKO®bEB 


CHHTE3S HYKJIEOTHAKO®EPMEHTOB H POJCTBEHHbIX 
COEAHHEHUMH 


(IT pedcmaerexo axademuxom A. H. Hecmeanoesim 13 IX 1960) 


B npempityuye padote (*) Mbl (OKa3a/IM BO3MOXKHOCTb IIPHMeHeHHA B CHH- 
Te3e HYKseOTHAKOpepMeHToB Tuna AT® P-aMMHOKHCJOTHEIX NpOM3SBOAHbIX 
HyKsleo3HJ-5'-ocata. Msyuenue sToH peakUMH MpescTaBsAeT MHTepec B CBA- 
3M C BO3MO?KHOCTHIO IIpOTeKaHHA TAaKOFO Mpowecca B KJleTKe, Tle AKTHBAIMA Cpoc- 
(parHOrO OCTATKa HYKJICOTHa MOXET OCYILECTBIATbCA He MpOCTO AMMHaKOM, a 
AMHHOKHCJIOTaMH WH flake OenKaMu (cepMeHTHbIMA cCHcTemMamu). CTpemMacb 
CHHTe3HPpOBaTb HeECHMMeTPHUHBI€ HYKJICOTHAKOepMeHTH! TuNa 


OH OH 
RO—P—O—P—OR’ 
ie 
(rae R — HyKsieosug, R’— ocraTok caxapa), Mbl B HacTosueH padoTe 


W3YUMIM peakilHio MexKAy MeTHNOBbIM scsupom N (2’ : 3’-n30nponusMsenase- 
HO3HH-5’-cbocdo)-sbenuiananuHa (Il) Hu pH6o030-5-pochatom uM ruwo0KO030-6- 
pocbatom. Mcxoyquan HyKle03HJ-5'-pochoamunokucuora (I]) Oba npuroroBuie- 
Ha rusporeHomH30M MeTHIOBOrO Supa N (2’ : 3’-n30nponHsMseHayeHo3HH-5’ - 
Gensumcoco)-enuiaianuna (') B NpHcyTcTBHH TpvsTHaMMHa. 

NH, 


N 
OO 
N . OCHCeH, 
20. CHy—O0—P= NH=CH—GoocH, 2s 
ll | (C2Hs)3N 
| O CH, 
ie awih 
Oo 6 


| 
C,H, 
SCZ 


ES 
ChiiGH: 


"NH, 
N 
4 
ip CY »: on 
WSN H(C3Hs)3 


CHa-O—F-NH—CH-COOCH, 


(1) 


O fee 
C,Hs 
yee (i) 
CH, CHg 


Caehyer OTMeTHTb, ATO THApPOrenomMH3 I B IIPHCYTCTBHH TpH3TUJaMuHAa TIpoTeKa- 
eT rao H NOTY4aloulasicA C BLICOKMM BbIXOLOM TpH3THMaMMOHHeBAaA Covb II 
ycrouunBa*, [Ipuroropsenve cBo6oxHoro coequHeHua II v3 conn (n00aBsIeHHeM 


* eo e 
B otauune of Kpaline Heycrofianporo cBoOoxHoro coequHenus IT (Sy 
4116 


SKBUMOJAPHOFO KOMM4eCTBA XJIOPHCTOTO BOLOposa B AMOKCaHe) NPOHSBOLNOCb 
HeNOcpeACTBEHHO Tepe] BBeeHHeM eFO B PeaKUMIO C' TMPHAMHMEBOH HH TpHuOy- 
THJIAMMOHMEBOK Combio coccocaxapa. PeakyHA npoBofusacb B CyxXOM NHpHgH- 
He lIpH KOMHATHOH TemMepatype B TeveHHe 3 Hell. 


! NH2 
ad N 
NM wey \ 
i OH OH 
a N | aya 
q O ee oP pao + HO—P—O-—caxap 
iP O CH, 
} | 
i Cols 
| i SAA 
ia x (Il) 
j CH, CH, 
2 
; NH 
= N 
4 N7 ) \ 
—jp= 
N Pi A 
N 0. jk a aiad Uh lst eas 
t 
0 0 
f oO 0 
Se (I) 
re 
CH, CH; 


_ Tye caxap — pu6o3a uM riioKos3a. 

. O6pa3oBanue 2’ : 3’-n30nponHsmHeHaeHosHH-d -1Hocdocaxapa (un-A][@- 
caxap) (III)-qoKa3prBanocb xpomatorpacduyecku. Buixog II], onpeqenenHnli no 
TOrOULeHHIO B y.-c). oOmacTu (?), cocTaBnneT 25—40%. Crpyxtypa III ycra- 
HaBJIMBalacb Truypomu3om ero 0,01 N HCl (100°, 10 muu.), B pesyabtTate Ko- 
Toporo Ob OOHAapyxKeHbI aeHO3HH, aleHO3sHH-5'-ociaT, afeno3uH-5’ -nn- 
cbocdbaT u caxap (pH6o3a HIM rm0KO3a). 


NH 


2 
N 
o \ 
K A OHM HOH | 
No ‘N | } 


' | ; 
} oe ee 
| bal : 
ere” ye at 


OL 0 
une 


ZN 
CH, CH; 


IIpH BBeqeHuN B peakuHIO He cBoOosHOrO coeqnHeHUA II, a ero TpHSTHJIAMMO- 
' HHeBOH COM HYKJeCOTHAKOdepMeHTHBIN CHHTe3 MpoOTeKkaeT 3HaYHTebHO MeA- 
JieHHee. B KavecTBe pacTBOpHTesA BMeCTO MMPHAHHA MOXKHO HCMOJb3OBaTb B 
HeKOTOpBIX ClyuaHx AMOKcaH, ofHaKO BEIXoL uN-AJ[O-rmtoKo3sbl Np mpoBeye- 
HMM peaKIMM B STOM PaCTBOPHTese 3HAYMTeIbHO HWKe, YEM B NMPHAMHE. 

Takum oOpa3om, Oblo0 ycTaHoBIeHO, UTO P-aMHHOKHCJIOTHBIC MPOH3SBOAHbIE 
ajleHo3uH-5’-ocdbaTa ocTaTOuHO peaKUMOHHOCHOCOOHEI MH MOryT MpHHHMaTb 
yuacTHe B HYKJIeCOTHAKOepMeHTHOM CHHTEe3e. 


IkKcnepuyMeHTaAMbHAA WACTH? 
| 
q CucTeMbIl, MCHOb3OBaHHEIe pu Xpomatorpadwyeckom uccieqoBanuu: 1 — 
| x-GyTaHon, HacpuenHbtli Bogoii; II — u3sonponusosbii cnupt— 1%-ii pac- 
) reop (NH,)2SO, (2 : 1) (°); II] — 96%-i staHon—0,5 M auetaT ammouus (pH 


_ 3,5) (5:2) (4); IV —#-6yraHon — Bona — yKcycnasn Kucnora (4:5: 1): 
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IeKTpoopes Ha.OyMare BbINOHAJICA C HCIO/1b30BaHHeM Oydepos: | — 
0,075 M auerar ammonia (pH 3,5); I] — Oopatupm (pH 8,28). 

_. PeaxTuspl Jit OOHapy2KeHuA caxapoB: peakTuB I — cmecb paBHbIX OObeMOB 
0, 1N AgNO; u 5 N NH,OH (°); peaktus II — cmecb | o6bema 1 N pactBopa 
aHWJIMHa B OyTaHoste c 2 o6bemamu 2 N H3PQO, ® OyrTanouie (°). XpomaTorpamMbI 
ocyle ONpbICKHBaHHA ITHMH peakTHBaMH HarpeBasucb B TeyeHHve 10 MHH. mpH 
105°. 

OnpeeseHve BbIXOJOB HYKJICOTHAKOepMeHTOB MPOBOMHJIOCb C MOMOLILbIO 
YJIbTpauomeTOBOH .cCeKTpopoTomerpHH (*). : 
1. TpuasTHaAaMMOHNMeBAA cOudb II. K pacrsopy 100 mr I (?) 

B 20 Mi sTaHoa ZoOaBusioT 0,08 Ma cyxoro TpHsTHIamMuHa. CMecb NogBepraior 
TaOauua 1 fHsporeHonus3y (") Haq 10 mr nmaa- 
JlajveBoH wepHu B TeyeHHe 40—50 

Buauenua Ry 5 cucree MMH. (KOMHATHAA TemMepatypa, aT- 
Max MocdepHoe JaBeHHe). Katanu3atop 

OTPUJIbTpOBbIBaIOT, (PUIbTpaT ymapu- 

BaloT B |BaKyyMe pH 30°, ocTaToK | 

| pacTBOpsIOT B Xs0podopme. Xs0po- 


BeuyecTBo 


Aje@HO3KH ig OL |), O)sei7 “ B ninwnA B 
AjeHO3HH-9’-cbocdat 0,41 | 0,54 (Pop MeHHbIii pact oP e 8 iP 
AnenosuH-5'-udochat | 0,22 | 0,32 cyxoH MeTpomenHbil spup. Baigens- | 
Pu603a 0,62 | 0,71 | 0,24 OT TpHSTHIaMMOoHMeByro cob II 4u | 
[nioKosa 0,54| 0,641 0,14  mepeocaajawrT ee eme 2 — 3 pasa. 


Buixoyx 75 mr (70%), T. ma. 92—94° 
(c pasu.); Rj=90,47 B cucreme I. Bemecrso BpicymmmBanoch 24 uaca Hal 
P.O, B BaKyyMe. 


Hatineno %: C 51,85; H 6,5 nee INE 
N 1 


i | PPA od 
Cea3H29OsNeP -(C2Hs)s3N-H20. jBetuncmeno %: C 52,00; H 6,90; P 4,65; 7 


4 
4, = 

2, TpHOyTHTAaMMOHHeEBAA Coylb puOO30-5-pochara. 
0,5 r (1,3-107% Mona) OapueBolt comm pu6o30-5-pocibata cycnenqupyioT B 10 mu 
BOAbI, IpHOaBimoT Sr KY -2 (H *), mepeMemuBaroT5 Muu. CMouly oTbusbTpOBBIBAIOT, 
MpOMBIBalOT BORO, K OObeMHEHHEIM (bubTpaTaM oOaBastoT 0,66 mua 
(2,8 -10-* mous) TpHOyTH1amuHa, cCMecb noyBepraioT JIMOPHJIbHOH CYLIKe, OCTATOK 
pacTBOpsioT B ac. mupHf~une. Analorm4uHo roToBAT TpuOyTHaMMOHHeBy10 
COJIb Tyi0KO30-6-dociara. 

3. TpHOyTHAAMMOHMeBHe comu hochopuok u n4H- 
pomochbopwHok Kucaot. K 0,44 r cmecu dochopHot u nupoocdop- 
HOH KucJoT (*) JoOaBsaioT | Ma cyxoro TpHOyTuamMHHa, ynapuBaioT B BaKyyMe 
(60—70°). K octaTky qoOaBnaioT a6c. quoKcaH. 

A, ie o -Ms0nponuaufenaseno3un-5-,umochopu- 
6034 (un-AJ[®-p u 6 03 a). 20 mr (3,1 -10-° mons) TpusTunamMoHueBolt conu 
II pacrBopsiot B 1 ma ac. quoKcaHa, oOaBrstor 0,03 ma 1,03 N pacTBopa 
XJOpHCTOrO BoMopoya B adc. AuoKcanHe (3,1-10-> mona HCl). Ocagox orduanp- 
TPOBLIBaIOT, K (uJIbTpaTy AoOaBamior 1,2-10-* mona tpuOyTunamMoHHeBoOli 
comM pHO030-5-octhara B cyxXoM nMpuyuHe. Cmecb octaBisioT Ha 3 HA Tipu 
20°, mpeloxpaHaad oT Bard BOsqyxa, u Xpomatorpadupyior {B cucteme III. 
O6uap yxuBaror II (R; = 0,87), 2’: 3'-H30NponMiMenaenosun-5'~pocdar (R;= 
= 0,69) u naTHO HeusBecTHoro coctaga (R; = 0,50). ‘HexkHee MATHO SuONpyIT, 
smoaT YlapuBaloT B BakyyMe, NoOaBamoT 0,01 N HCl. Pacrsop xunatat 10 
MHH., OXJ1axKMaioT, XPpOMaTOrpadupyloT B cuctemax II, III] m IV. ,Ha xpoma- 
TOPpaMMax TOCi€ MpOCMaTPHBaHHA B y.-(). CBeTe H ONPbICKHBAHUA PeareHTaMu 
Ha caxap oOHapyxxuBaioT AM®, AJI®, anenosuu a puOosy (sHauenusa R; B Cuc- 
temax II, III w IV cm. B ta6a. 1). Jmoatnatua ALO MOABepraroT seKTpoopesy 
B Oydepe II B Tevenne 2 yac. (7 B/cM, c oxmaxKieHHeM OyMarH B 4eTEIPeXXuI0- 
PHCTOM yruepoye). Ha snekrpopoperpamMe o6uapyxKuBaloT omHO NATHO, Hy- 
lee C OMMHAKOBOH CKOPOCTHIO C KOHTPOMbHBIM OOpasiiom AJI®. Burxon Pun-AJI®- 
pudossr 25% (onpeqeneu CIIEKTPOpoTOMeTpHYecKH MOcMe xpomatTorpaduposa- 
HUA B cucTeme IIT). : ; 
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Pi Ose H3s0nponuvuausenHawevo3sun-o-Aumochmoriaw- 
“xo3a (un-AJ®-r 110k03 4). K 3,1-10-° mona II, mpuroropieHHoH Kak 
‘omucano Bbine, foOaBnaioT 1,2-10-? Mom TpHOyTHAaMMOHHeBOK COM IvIl0- 
_ K030-6-pocipata B CyxXOM NMpHfuHe. CmeCb OCTAaBAIOT Ha 3 DHA Np 20°, mpe- 
“lOXpaHAd OT Baru BO3yXa, H XpomaTorpadupyioT B cucteme III. Ha xpo- 
matorpamme xpome II (R; = 0,87) uun-AM® (R; = 0,69) oOnapyxuBatoT nAT- 
“Ho c Ry = 0,47. QTo NATHO sMONpyIOT, SOaT yNapuBaloT, PHApoMMsyIOT Kak 
_ omucaHo Bplle, xpoMaTorpadupyroT B cuctemax II, III] u IV. OOuapy2xuBaioT 
allenosuH, AM®, AJ1® u rmoxosy (3Hauenua R; cM. B TaOs. 1). Berxon un-AJ[O@- 
rOKO3bI 37%. 

6. un-AJ[® wu un-AT®. Mony4enni ananormyno us I] 1 TpHOyTHaMMoHHeBbIX 
" couleli. cpoctopHol u mupooctopHoH KucMoT B aOc. AMOKCaHe. PeaKIMOHHy10 
cMecb TlogBepraior ameKTpotbopesy B Oydepe I B Teyenne 2 yac. (15 B/cm). Kpome 
II u un-AM® ua 21exTpodoperpamme oOnapyxuBaioT un-AJI® uun-AT®, upy- 
“Me C OMMHAKOBOH CKOPOCTHIO C KOHTpO/bHEIMH OOpasiamu AJ[D u ATO. 
~Brixogpr un-AJ[® u un-AT® coorsercrBenuo 39 u 27%. 


MockoseKuit rocyfapcTBeHHbIlt yHHBepcuTeT NMocrynuso 
kK um. M. B. JlomoHocosa 7 IX 1960 
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XHMH GI 


Ynen-koppecnonyent AH CCCP H. H. WYAKHH, 9. KOBAY, H. ®. BEJIBCKHH 
u M. BAPTOK 


KATAJIHNTHYECKOE THAPHPOBAHHE OPrAHHYECKHX OKHCEM 
B MPOTOUHOK CHCTEME TPM MOBbILIEHHOM JJABJIEHHH 
BOJOPOJIA . 


IIpouecc KaTaHTH4YecKorO THApHpoBaHHuA OpraHHyecKHX OKHCeH MOxKeT 
MpeACTaBATb HHTepec C MBYX CTOPOH: BO-IlepBbIX, pH STOM MO2eT OBITH} 
yCTaHOBJIeHa OTHOCHTeJIbHad YCTOHYHBOCTh pa3/IMUHbIX OKHCHBIX WMKIOB K 
packpbITHIO MOR elCTBHeM KkaTa/IMTHYeCKH BO30y2KJeHHOrTO BOgoposa,| 
H, BO-BTOpbIX, B cJlydae THJpHpOBaHHA HeCHMMeTPHU4HbIX OpraHHuecKuX! 
OKHCeli BO3HHKaeT 3ajlaua oNpeeeHHA HalpaBJeHHA, B KOTOpOM mpoxc-| 
XOJMT pa3MblKaHve OKHCHOrO UMKIa. OOa 3TH BOMpoca npesnonararorT CpaBHE-| 
TeIbHOe H3yYeHHe PeaKUHH KaTAaMTH4eCKOFO THAPMPOBaHHA Pa3JIMYHbIX opra- 
HHYeCKHX OKHCeH. Hmetoujveca JIMTepaTypHble aHHble Jameko HeocTaTouHEI| 
JIA KaKUX-1HO0 OOWIHX BHIBOLOB. OTHOCHTeJIbHO G@-OKHCel H3BeCTHO, 4TO TIpH} 
THAPHPOBaHHN Ha BOCCTAHOBJIGHHOM HHKeJle WJIH Me MOHO@JIKHJI- H MOHOe- 
HHJISAMCILCHHBIX TOMOJIOFOB paCKPbITHe WMKa NPOHCXOAUMT NO CBA3H, CoeqH-| 
HAlOUleH ATOM KHCWIOpoya Cc TeM yIepOHbIM ATOMOM, IIpH KOTOpOM HMeeTCA 
3aMeCTHTe/Ib, B Pe3ysbTaTe Yero OOpa3yioTCA NepBHUHbIe cnupThl (1). 

Pa3yuunble B-okncu-2-ankuJ-, 2,2-2nankKUJ- u 2-(peHHJI-IpOH3BOHbIe BOCCTA- | 
HaBJHMBaJHCb JIMTHMaIOMHHHATHApHOM. IIpu 9TOM ObI0 ycTaHOBJIeHO, 4TO BO} 
BCeX Cylyuaax P-OKHCHOe KOVIbIIO pacielAeTCA 0 CBASH Mexy aTOMOM KuHC-} 
JOpoya HW YIrviepOHbIM ATOMOM, CBOOOAHBIM OT 3aMecTuTenA (2). 

HefaBHo Hamu ObIIO HcceqoBaHO THApHpOBaHve pa3qMUHBIX Y-OKHcel | 
(romouoroB TeTparuspodypana) B MpoTOUHO cucTeMe IIpH OObIKHOBeHHOM JaB-| 


1 


saTope. Ha naTHHupoBaHHOM yrvie np 350° Terparugzpodypanl nperepmesaior | 
THAPOreHOJIM3 OJHOBpeMeHHO 10 OOeumM C — O-cBA3AM, B pe3ybTaTe ero O6- 
pasylOTCA aslKaHbl WM Boa. Ha CKeeTHOM HHKEeJIb-a/JIOMHHHeBOM KaTasIM3aTope 
2-alkW- H 2,2-MankusTeTparug~podypanbl noppeprarotcs THAporevHouu3sy m0 
C—O-cBa3H, Haxofsmelica m0 cocescTBy ¢ SOKOBbIMH aJIKHJIbHBIMH rpyniamu, 
mpHueM oOpasylouiveca MepBHYHbIe CNMPTH WIM ableruybl mo_pepraorca 
WabHeHMIMM PeaKUHAM, TIPHBOLAULMM K OOpasOBaHUIO aKaHOB, B yruleposHoii | 
enH KOTOPBIX COMep2KHTCH Ha OJMH ATOM yrviepoja MeHbIIe, YeM B MOseKYyuIe | 
UCXOMHOrO TeTparuzpodypaua (°*). | 

Ilembio HaCTOAIMero UccMeqOBaHHA ABIANOCh NOMyYeHHe CUcTeMaTHUeCKOrO | 
SKCHEPHMCHTAIbHOPO MaTepHasla, KOTOPbI MOxKHO ObIIO Obl UCNOMb3OBATH IA | 
CPaBHUTeIbHEIX BHIBOLOB. Mb MpoBedM rupHpoBaHue mpoctrefmmx npecta- |} 
BUTee€H HECHMMETPHUHBIX G-, B- HW ‘Y-OKHCeH, HMCHHO OKHCH NpomuyieHa, OKHCH 
(-MeTHJITPHMETHJIeHa H O-MeTHJITeTparuypoypanka B MpOTOUHOM cucTeme npH 
§aBIeHHH Bowopoga 50 aTM. Ha JBYX CKeJIeTHBIX KaTanu3aTopax Cu — Al u 
Ni — Al. B stax xe ycnoBpuax Ha cKenetuom Ni — Zn-KaTaH3aTope ObIO | 
MpOBeAeCHO THAPHPOBaHHe OKUCH G-MeTHJITPUMeTHIeHAa, a Ha cKemeTHoM Ni—AIl- | 
KaTaJIM3aTOpe — G.-A-lIponMsTeTparuspopypaua. | 

Puapupopaunve opranuuyeckux oKuceH Ha cKke-| 
metTHom Cu—Al-KaTanu3atTope. Oxucbh nponunena mpu rHapu- | 
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poBaHuu Ha cKenetHom Cu — Al-Karanusatope npu 190—200° npespatusacp B 

T€PBUAHbIN NPOMMMOBbIM CMMPT C BbIXOJOM OKOJIO 80%. ITO yKa3biBaeT Ha TO, 

“uTO G-OKHCHOe KOJIbIIO pacKpbiiocb mo C — O-cBa3H, CMexKHOM C MeTHJIbHOM 
rpynnon: 


j 
i 
i 


H,. 50at™ 
sO CH3 §=———> _CH;CH,CH,CH,OH 
O° (o) Al 


u- 


Oxono 20% katanusata cocTaBsAJM BeleCTBAa C BLICOKOM TeMIlepaTypOu KUIeHHA. 

THIpupoBaHue oKUCcH a-MeTHsTpuMeTUeHa Ha cKeteTHom Cu — Al mpu 
/ 230—250° ano nepBwaHbiit OyTHIOBbI CHupT C BbIXOOM 90—95%. Sto yKa- 
' 3bIBaeT Ha Cyleyroulee TeueHHe peakIHH : 


ee ee pinks 


~ 


, 
$ 


ae 


CH, 


5 le ae 


Hy, 50 
( > CH,CH,CH,OH 
(@) Cu-Al 


CtenleHb mpeBpalleHua OKUCH MponMseHa M OKHCH a-MeTHJITPHMeTHIeHa COOT- 
-BeTCTBEHHO B MIpONMAOBHIi uv OyTHNOBHI CIMpTEI cocTaBANa B YKaSaHHbIXxX 
_Bbile ycropuax 80—95%. 3HauuTembHO Oosee ycTOM4HBbIM B OTHOMICHHM THA- 
poreHou3a Ha cKeneTHOom Cu — Al-KaTanusatope oKa3aJica TeTparugpody- 
 *paHoBbi wukKI. [axe npu 300° konBepcua O.-MeTHITeTparHApopypaHa He Npe- 
Bpimaia 10%. Bmecte c sTHM HaGmoanoch pe3Koe Ka¥eCTBEHHOe OTJIHNHC B 
| HalpaBJeHWM paCKpLITHA y-OKHCHOTO IMKJIa MO CpaBHeHHlO C - H B-okuCAMH. 
-Tiponyxtamu § rufporenomusa a-metuntetparuazpodypana (T. Kum. 79—79,5°; 

nio 1,4060; 2° 0,8582) sapamiotca xH-nentan (30%%*), newtaHon-1 (35%) 4 

» mentaHou-2 (35%). Takum o6pa30m, rufporeHo.1u3 TeTparuspodpypaHoBoro M- 
| Kula Ha cKeneTHomM Cu — Al npoxoguT B oOonx BO3MOXKHBIX HallpaBJleHHAX: 


Nem Uae Oh ity 


CH,CH,CH,CH,CH, 
| <Ha, 50a™  (CH,CH,CH,CH,CH,—OH 
a CH, Cu-Al, 300° 
i Xo%* S CH,CH,CH,CH—CHy 
| OH 


H-IlextaH MOr OO6paso0BaTbCA WJM B pesybTaTe THApOreHOIM3a TeTparHjpo- 
_ @ypanosoro WuKNa OfHOBpemMeHHO 110 OGeumC — O-cBa34M, HH B pesy/bTaTe 
BOCCTAHOBJICHHA MepBOHAYaIbHO OOPasyIOWIHXCA AMMJIOBbIX CMHPTOB. Paspe- 
| weHve 9TOrO BONpoca TpeOyeT AaibHeilero UCCeLOBAaHHA. 
Tuaqpupopanune opranuyeckux oKuCcCeH Ha cKe- 
-netuom Ni—Al-katanau3satTope. Ckeserubili Ni—Al-Katanu3atop 
B peaKUMH THAPHpOBaHUA OpraHwyecKUuXx OKUCeli oOHApy2KHBaeT CBOMCTBA, Cy- 
" IeCTBEHHO OTJIMUHbIE OT CBOMCTB CKeJIeTHOTO Cu—Al-xatasu3aTopa. OKHcb 
" T1ponuseHa MH OKHCh a-MeTHJITPUMeTHNeHa, CeJIeEKTHBHO PacKpbIBaIOMIMe MK Ha 
- ckeneTHom Cu—Al, pacienssioTca Ha CKeJIeTHOM Ni—Al-Katanu3atope B 060- 
| WX HalpaBsIeHHAX: 


f ; % 
p Cis 0M se Gu CH,CH,CH,OH 45 
s NS nat 
; Loe Ni-A}, 200’ Se eat 55% 
OH 
Hy, 50aT™ CH;CH,CH;CH,OH ~ 50% 
“~y* Ni- Al, 200 CH,CH,CH—CH 
OH 


TouHO Tak 2Ke HM B OTHOMICHHM Y-OKMCHOrO LMKsa cKeseTHEI Cu—Al u cKevler- 
| wit Ni—Al o6napyxuBaloT pa3MuHble CBOLCTBA. a-MeruuiteTparuapoyp av 

wa ckenerom Ni—Al npu 250° npespatuica TObKO B TeHTaHON-2, npwuem CTe- 
| TIEHb MIpeBpaleHHA COCTABIAA JIMUIb OKOJIO 15%. Takum o6pa30M, Ha 9TOM 


| Kavanm3atope y-OKHicHoe KOMbIO MoBepraeTcA THApOreHOM3y MHBIM ITYTEM, 


* Bprxog Wav B pacueTe Ha mpespalleHubili o&-MeTHJITeTparHuyzpodypan. 
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yem G- HU B-OKHCH, paCKPbIBaACb TOJIbKO B OJHOM HallpaBsleHHud — mo C—O-cpa- 
3H, He CM@xKHOH C OOKOBbIM AJIKHJIbHBIM paHKaJIOM: 


Ho, Sh CHCH,CHCH--CH, | 15% 
Me Z—CHs —ni-al, 250° | 


O OH 


VMutTepecHo OTMeTHTb, YTO B 9THX Ke YCMOBHAX G-N-IPONMATeTparHApopypau 
(tT. kun. 131—132°; n® 1,4232; ae 0,8562) npeBpaTuyica B rentTaHod-4 (T. KHM. 


/153—155°;, n°? 1,4710; d?° 0,8178) c BEIxogom mocueqHero ~ 60%, 4TO, oue- 
“BHUHO, YKa3bIBaeT Ha BJIMAHHe JWIMHbI AIKWJIbHOrO palMKaia B G-MOO*KeHHH 
Ha yCTOMYHBOCTb TeTparuspodypaHoBoro WHKa K peaKUMH THg~porenomusa: 


A 500M. CH.GH,CHIGHCH,CH,CH, 60% 
y CH,CH,CH, © Ni-Al. 250 | 
“O vy OH 


B cBA3H C 9THMHM pe3yJbTaTaMH CJleqyeT YKA3aTb Ha IKCHEPHMeHTAabHbIM (aktT, 
KaCalOWlHCdA BJIMAHHA WaBJIeHHA Ha peaKIMIO PHApOreHOu3a TeTparuspopypa- 
HOBOTO WHKuJIa. 

Panee, uccleqyaA peakUMio PH pMpOBaHUA G-A-MpoNnMTeTparuypopypana Ha | 
ckeneTHomM Ni—Al-KaTanu3aTope pH OObIKHOBeHHOM J\aBJIeHMV, Mbl HalllJIv, 
uTO PasMbIKaHHe IMKIa B STOM CJlyuae MpoxosuT no C—O-cBsa3u, cocefHel C | 
OOKOBOH aJIKHJIbHOM rpynmon (*). OTH pesybTATbI COBepwIeHHO oMmpeseeHHO 
yCTaHaBJIMBaloT POJb JaBJIEHHA B OTHOWICHHM HalpaBJeHHA paCKpbITHA HeECHM- 

‘M€TPHUHOTO Y-OKHCHOrO WHKwa. 

B HaCTOALeM HCCeqOBaHHH MbI CeanH euje OFHO .HaGOMeHMe OTHOCH- 
T@JIbHO BJIMAHHA BTOPOFO KOMMOHEHTA Ha CBOHCTBA CKeJIETHbIX HHKeJIeBLIX KaTa- 
JIM3ATOPOB:'HALJIH, YTO OKHCb G-MeTHJITPHMeTHJIeCHA IPH THApHpOBaHHH Ha CkKe- 
ueTHoM Ni—Zn B ycCOBHAX, COBepweHHO aHaJIOrH4HbIX yCIOBHAM THApUupo- 
BaHHA ee Ha CKeeTHOM Ni—Al, mpeppamaetca TObKO B NepBHYHEIM OyTuIO- 
BbIM CIMPT, T. €. paSMblKaHve P-OKHCHOrO WuKa Ha CKeeTHOM Ni—Zn, B oTau- 
une OT CKesleTHOoro Ni—Al, mpoucxoquT ToubKO B OJHOM HallpaBnenua — m0 
C—O-cBa3H, CMexKHOM C MeTHJIbHOM rpynnoli: 


Coch, oe CH,CH;CH,CH,OH 90% 
Kak Opi10 ycTaHoBseHo Hamu pauee (4), pasmmuve B cBolicrBax cKeneTHoro Ni— _ 
Al- 4 cKenetHoro Ni—Zn-KaTanuzatopos TIPOABIAeTCH TakKxKe Mp THApUpo- 
BaHHH (pypaHOBbIX coequHeHHi. 

Pesiomupya, MOKHO MpHiitu K CJIELYIOULeEMY OCHOBHOMY BBbIBOJ,Yy: HeECHMMeT- 
puuHble a- H f-oKuCH pH ruzpupoBanuu Ha CKemeTHEIXCu—Al- u Ni—Al-xa- 
TaJIM3aTOpaxX B IIPOTOYHOH CHCTeMe MO NOBbINICHHDIM JaBJeHHeM BOOposa 
BeyT CeOA AaHAJIOrH4HBIM O6pa30m B OTHOMeHUH HallpaBJICHHA paCKPbITHA OKH- 
cHOrO LMKwa. Ha ckeleTHom Cu—Al-Katanusatope 3TH OKHCH Cc JOCTaTOUHO 
BbICOKOH CTEMCHbIO CeJIEKTHBHOCTH pa3MblKaloTCA mo C—O-cBa3u, coceqHel Cc! 
AJIKMJIBHBIM 34MeCTUTeIEM, a Ha CKeeTHOM Ni—Al-KaTanu3aTope mpeTepmeBaioT 
PHApOreHONMS B OOOUX HanpaBJeHHAX, NPHOM3HTebHO B paBHoi crenenu. Ha- 
o6opoT, HeCHMMeTpH4HEIe y-oKHCcH (a-aKuITeTparuzpoypaHbl) CesIeKTHBHO | 
THAPUpyloTcsa Ha CKeleTHOM Ni—Al|-katTamu3atope, packKpbiBad maka 10 C—O- | 
CBA3H, ylasIeHHOM OT aIKMJIbHOrO payluKana, a Ha cKeleTHom Cu—Al-katasu-. 
saTope THAPOreHoNu3 y-OKuceli MpoTeKaeT B OOOMX HaMNpaBseHHsAx. 

Wucrutyt opranuueckolt xumuu vm. H. JL. 3enuHcKoro} ToctynHuto 

Axkayemuu nayx CCCP} 21 X 1960 
UMTHPOBAHHAS JIUTEPATYPA 


1 Aura. mar. 320424 (1928), Chem. Abstr., 24, 2468 (1930). +4°S:S earl esp a Keer 
neth et al., J. Am. Chem. Soc., 79, 948 (1957), ® H.W. Wyikun, WH. © Bean 
cxkul, P. A. Kapaxauos, )KOX, 30, 1933 (1960), 4H. H. Wyakun, UH. ®. 
Beatbckui, SKOX, 29, 3627 (1959). 
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Jloknaagn Akapemuu nayr CCCP 
1961. Tom 136, Ni 5 


PH3HYECKAA XHMHA 


aA A®AHACBEB, B. A. MOHOMAPEHKO u H. A. 3A]0PO)KHbIA 


AACOPBILMOHHAA CNOCOBHOCTb HW KATAJINTHUECKAA 
AKTHBHOCTb MJIATHHHPOBAHHOrLO YFJIA B OTHOLWIEHUU 
NPHCOEAMHEHHA HEKOTOPbIX KPEMHUMPUAPHAOB 
K HEHACbIIEHHbIM COEXTHHEHHSAM 


(I]pedcmaeazexno akademuxom A. A. Baaaxdunoim 17 1X 1960) 


Kak Obi0 oTMe4eHO B padoTax (1%), B peaKIMaX MPpMCOeqMUHeHMA aJKUII- 

xjopaskusicunaHoB K 1,1,2-tpudtop-2-xnopsTusannunoBomy spupy (CHe = 
=CHCH2OCF2CHFCl) u 1, 1, 2, 2-terpadbropannunopomy spupy (CH,= 
=CHCH,OCF,CHF.,) cymtecrBeHHy10 pOvIb MOryT UrpaTb CuI acopOmMoHHOrO 
eens pearupyloulHx MOJIeKyJl C NOBePXHOCTbIO KaTa/IM3aTopa. 
‘C Welbio npoBepku 9TOFO HaMH Obla UBy4eHa aCOpOUHOHHasA CMOCOOHOCTh KaTa- 
‘nusatopa Pt/C (1% Pt) B oTHomleHHM CreLyIONINX aJIKHJI- HM XJOpaJIKMJICMJIAHOB: 
(CeHs)sSiH (I), CHs(C,Hs)2SiH (II), CeHs(CsH;)2eSiH (III), ClsSiH (IV), 
‘CeHsSiHCle (V) u CHs(C2Hs)SiHCl (VI). 


mM /2 
20 4 
geo 6 
D 
15 é 
4 3 1 
z 
104 
t 
S Oo 
Ost ome y 
| | ‘ 
i f a 
#' Bp 
io 
; 0 2 4 6 8 10 12 14 16 ae, 


Puc. 1. Kuunetuueckve KpuBple afcop6unu mapoB KpemMHuiirHs~pHaoB Ha 
1% Pt/C npn 20°. Homepa npu KpuBbix 3fecb H Ha pc. 2 COOTBETCTBYIOT 
HoMepaM Coe2HHeHHit B TAO. | 


Ancop6uua 2THXx BellecTB u3y4aacb B MpoTOUHO ycTaHoBKe (*) MpH aTMo- 
iccbepHom faBlenuu u 20° B MHTepBasle OTHOCHTEIbHBIX aBJeHHA MapoB OT 0 no 
(0,5. B KauectTBe ra3a-HOCHTeIA UCMOMb30BaICA a30T U3 OaOHa, OCYWeHHEIN u 
‘ONMINLeHHEIM OT NpHMecel cuJIMKareJIeM M aKTHBUPOBAHHBIM YTVIeM. Tlepex az- 
COpONMOHHEIMU U3MepeHUAMU KaTaJIM3aTOp MporpeBasica mpu 300° B Bakyyme 
(~10 mM) aa ynaneHun afcopOupoBaHHON BJlarM HM NapoB OpraHuyecKHx CO- 
uHeHuii. YupyrocTu HacpitlleHHbIx mapoB (P;) axcopOaTos (I) — (VI), Heo6- 
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XOJMMBIe JIA MOCTPOCHHA H3Z0TeEpM alcopO6uMH, ONpeseneHnbl Ha TOM xe yCTAHOR 
Ke 110 MeTOLYy ra30Boro HacbieHHa (°). 

IIpu focraTouHO Maso cCKOpOcTH MOTOKa ra3a-HOCHTeJA, Mpoxoysamerc 
yepe3 aflcop6aT, CKOpOcTbh afcopOluH JIMMHTHpyeTcA NOABOMOM NapoB aycop 
Oupylouleroca BelllectBa K HapecKe KaTaslM3aTopa. KomuyecTBo afcopoupo; 
BaHHOro Mapa OyJleT MpOMOpuMOHabHO BpeMeHH IIpolycKaHuA Mapo-ra3s0Boy 
CMeCH Yepe3 CJIOH KaTamH3aTopa. Takum OOpa30M, TipeycTaBsIAeTCAH BOSMOKHOCT 
HaxowjeHHa P;,; m0 KOwMYeCTBy afcopOupoBaHHoro Mapa HW OObeMy Ta3a 
HOCHTeJIH, Mpollequiero uepes cucremy. JjaBmenue mapa (Ps) HaxoyuTcs 
H3 cooTHomeHHaA: P;,/P =v/V, rae P—oOmee (aTmMociepHoe) aBleHneE 


MMe li 
3 2 ° a allies 
: “1 AMON 4t5 : 
ae a 
Ae O ; #f 
Z aH" . 'e 2 
hd . rey 4 z 5 3 
f : eae , : 
8 Wf 0 
1 
0 Ol 02 03 04 QS P/Pps—> 


Puc. 2. Wsorepmbi agcop6uuu napoB KpemHHarHApHzoB 
Ha 1% Pt/C mpu 20° 


B cHcTeMe, V— OObeM HCMapHBlerocd B eCMHHILy BPeMeHH BellecTBa, BBI- 
YHCIAeCMbIM TO Ta3OBbIM 3aKOHaM H3 Beca afcopOvpoBaHHoro selllecTBa 
V — o6uyuli o6beM CMecH, BBIUHCIAeMBIM MyTeM H3MepeHHA CKOpOcTH MNOTOKA 
peometpamu. Kak BuHO M3 pHe. 1, BenH4uHHa aycopOuuN BCex anKuacHua- 
HOB JIMH€HHO 3aBHCHT OT BpeMeHH [pomycKaHua moToka. KuHernueckue 
KPHBble H3MepeHbl IpH CKOpOCTH MNOTOKa, Mpoxogawero yepes apcop6ar, 
0; = 1 Ma/MMH. M CKOpocTH pa3OaBJAtoMero ToTOKa v,= 20 ma/muH. Bpt- 
YHCJIEHHbIe H3 STHX WaHHbIX 3HayeHHA P, npefcTaBsenbl B Ta6n. | Tam KE 


TaoOuunatl 


P, (upu 20°) 
NoNe Mou. T. Kum. 
coequ- Kpemuuiirugpug P, um yereay a. BLIVHC. NO 
HeHNH Bec °C ONbITH. aca u ypaBH. 
HpioToua AntTyaHa 
I (C,H;)sSiH 116,28 107,0 745 27,0 28,1 
II CH,(C,H,)sSiH 102,25 78,0 748, 5 83,4 80,3 
III C.H,(C,H,)2SiH 126,19 152,5 754 33,0 33,4 
IV C1,SiH 135,47 31,8 766 467,8 498,5 
Vv C2H,SiHCl, 129,07 76,0 770 86,9 91,8 
VI CH,(C,H;)SiHCl 108,65 69,0 769 114,0 121,2 


MpHBeeHbI Ais CpaBHeHHA BeNMUMHbI P,, paccuHTaHHble m0 MeToyy Xaacaj 
u Hpbwrona uw no ypapHenuio Autyana (®). CopnayeHue sBcex s3HaueHHii} 
BIONHE YOBJETBOPHTeIbHOe, YUHTbIBAA OTHOCHTeIbHO MaJIlyiO TOUHOCTH 
ompeqeenusa Ps pacueTHEIMM MeTOaMH 110 TeMnepaType KHNeHHA H ONEITHBIM) 
MeTONOM, IPH KOTOPOM TOWHOCTh OMpefeeHHA VU, HV. MO peoMerpaM cocTaB-] 
aaa ~O,1 ma/mMun. 
Ha puce. 2 npuseyexsi H30TEPMbI aJCOpOWHH H3YYeHHBIX BelllecTB B HH- 
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ppane P/P, or 0 70 0,5. Bennununr P/P; BbluucneHbl! mo dopmyvie (*): 
P/P, = 0;/ (01 + Ve — U2-Ps/P2), rye Pa—atmochepHoe japnenue. Ancopo- 
WHOHHaA cmocoOHocTb (a. C.) BelleCcTB HeOLMHakoBa. X.JOpasKMJICHJaHbl 
ayicopOupyloTcd Ha. KaTasIM3aTOpe 3aMeTHO CHJIbHee auikuuicHsaHoB. Ilo yBe- 
JIM4eHHIO a. C. BelleCTBa pacnOularaiorca B CwlesyrolleH MOCe{OBaTeJIbHOCTH: 
Mm >IVe(V) >> I> ul. 
| Konuuectsennyto ouenky a. C. yKa3aHHBIX COeLMHeHHM yLOOHO MpousBecTH 
MYyTeM CpaBHeHHA S¢PeKTHBHbIX MNJOMAOK Wo, SAHHMAeMbIX MOJICKyJaMM B 
eNJIOTHO yMaKOBaHHOM acopOHpoBaHHOM CJioe. PacueT Mp IIPOM3BOAMJICA TO 
ypasxenuio BOT u wa OcHOBaHUM USBeCTHOH > AIA MOeKysbI Gexnsona (40 A). 
| Jjannpie mo a. c. coesMHeHuii MO*KHO COMOCTaBUTb C peaKIMOHHOH cmoco6- 
HOCTbIO MX B peakIlMAx KOHKypupytoulero npucoequnenua K 1,1,2-Tpudtop-2- 
XNOPITUNaINUIOBOMy scupy (cM. TaOu. 2). CpaBHeHHve STUX JaHHBIX NOKAasbIBaeT, 


Ta6nuta 2 


a NoNe Nee coemu- [Bixog,| Orxocut. ®, 
k aS Kommonenti HeHHi 0 9 Ran GGA (A®) 
Tam. 4 v 
| 
5 ats 7 Cl,SiH IV 42, 50 
C.H;SiHCl, V 42 1 50 
2 Cl,SiH 1V 20 50 
(CH,;)(C2H;).SiH II 33 Art 58 
i =r Cl,SiH 1V 31 50 
. (CH,),SiH I Bf 1,7 64 
4 Cl,SiH * 1V 29 50 
(C:H,)(C,H,),SiH * lll 63 2,2 70 
33) Cl,SiH IV 32 50 
‘ (CH,)(CoH,)SiHC1 VI 35 1,4 40 
} 6 C,H,SiHCl, Vv 27 50 
(CH,)(CsH, )SiHCI VI 33 1,2 40 
| C,H,SiHCl, Vv 25 50 
(CH,)(CoH,)2SiH Il 41 1,9 58 


* Anasus. rasoBok daspl (~ 200 cm’) MpoyKTOB peaKUMH STOTO ONbITa NOKa3saJ, 4TO 
oOHa Ha 96% cocTouT u3 Bofopoma. O6pasoBaHHe BOMOPOAa CBASAHO, OYEBUAHO, C PeKOM- 
OuHannel aTOMOB H, o6pasyiouyuxca Mp roMOMuTHYeCKOM paspbiBe cBASH Si — H: = Si — 
—H-=Ssi+H. 


‘TO IPH MCnoAb3OBaHMM B CMecH OZHOFO H Toro %Ke coequHeHUA (1V nun V) BbI- 
/Xo, NpOLyKTa MpHcoeAHHeHUA BTOPOrO KOMMNOHEHTA BOspacTaeT C yBeJIMYeHHeM 
@o (T. €. C yMeHbIIeHHeM a. C.). OTO HMeeT MECTO IA emeceh IV-+II, IV-+], 
WV +111 un V+ VI,V+ III. Kpome Toro, 414 BetjecTB c mpakTHyeckH OH- 
HakKOBoH a.c. (IV + V) BbIxXoq NpOLyKTOB MpucoeqHHeHHA TaKxKe OMMHAKOB. 

BuausHwe cus ascopOuvoHHorO B3aHMOJeHCTBUA B peaKIWHAX KOHKYPHpyto- 
Tero MpHcoeMHeHUA, IPWHUMaA BO BHUMAHNe BBIBOLI, CleaHHbIe B padoTe 
(°), MoxkHO MHTepmpeTupoBaTb crexyiouyuM oOpasom. IloppmienHasd a. c. xJOp- 
‘cojlepKallux KPeMHHATHAPUHAOB MPHBOAUT K TOMY, YTO Ha NOBEpXHOCTH pox a- 
OTC BECbMa AKTHBHEIe XJIOPCHJIMJIbHbIe payukaupl (ClsSi u CleSiCzHs), KoTopuie, 
BaXBaTLIBAA BOJOPON TPuaIKMJICHaHa, IPpMBOLAT K OOpasOBaHHiO MCHee aKTHB- 
Horo TpuaIKUJICHIMAbHOTO paguKasa. IlocneqHHe yxe MpucoeqMHAIOTCA K 
KpaTHOH CBASH HEMpemerbHoro CoeAMHeHHA. IIpu 3TOM MMeeT MECTO Takxe, 
OUeBHAHO, HeMocpecTBeHHOe MpHcCoesMHeHMe XJIOPCHMMIbHBIX PaMKaJIOB K 
HeHacbiuleHHomy coequHeHuio. IIpH KOHKYpupytloulMx MpHcoeqMHeHHAX 
(CHs)(C2Hs)(Cl)SiH cClsSiH u CeHsSiHCle kapTuna HecKosIbKO MeHACTCH. Tlo- 
BpINeHHad a. c. M MmeHbIad (vem y CI,SiH u C,H,SiHCl,) 9Heprua cBasH 
Si — H y (CHs)(C2Hs)(Cl)SiH o6ycroBimBatoT MpeuMymlecTBeHHOe OOpasoBaHHe 
Ha nopepxHocTu paqukasa (CHs)(C2Hs)(Cl)Si. OnHako STOT payuKal HE MOXKET 
Tak NerKO 3aXBaTUTb aTOMBI BOsopoma y ClsSiH u CeoHsSiHCle, rae Boxopoy 
cBasal C KpeMHHeM TpouHee. Tlostomy mpewMyulecTBeHHEIM HarlpaBseHHeM 
peak palukana (CHs)(C2Hs)(Cl)Si aBaseTca mpucoeqmHeHue To KpaTHOH 
CBA3H HelpetembHoro coesquHeHuA. Takum o6pasoM, HeCMOTps Ha MOBBILIeH- 
nyro a. c., (CHs)(C2Hs)(Cl)SiH OyzeT B aHHOM Cilyyae MpHCOeMHHATECA BCE- 
‘taku Oomee npeznourutenpHo, vem ClsSiH ua CeHsSiHCle. 
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H310>KeHHbIe BbILMe COOOpaxKeHHs O JerKOCTH 3aXBaTa XJIOPCHJIMJIbHBIMH | 
paguKalaMu aTOMOB Bofopoya Si—H-cpaselt u cBoeoOpasHol nepegayu uenu, 
OveBHAHO, MpHMeHHMbI HM K OOpasyIOU\MMCA TPOMeKYTOUHBIM pasnkKanam 


X;SiCH,CH—R (X =Cl, ankunpuaa rpynna, R = CH,OCF,CFCIH). 


Uncrutyt oprannyeckolt xumuu um. H. JI. 3enuucKoro Tlocrynvio 
Axagemuu Hayk CCCP 14 IX 1960 


UMTHPOBAHHAA JIMTEPATYPA 
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830 (1958). © ®usuueckne merogbl opraHHyecko xumun, 2, WI, 1952, cTp. 349, 2 
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PHSHTECKAAH XHMHA 


A. A. BEPJIHH, JI. H. BOrYCJIABCKHM, P. X. BYPLITEAH, H. ©. MATBEEBA, 
A. H. WEPJIE nu H. A. LEYPMOBCKAA 


~ etbae eee RF oe ae icin Bi 


HEKOTOPbIX IJIEKTPO®H3SHYECKHX CBOHCTBAX MOJIMMEPHbIX 
KOMITJIEKCOB TETPALILMAHSTHJIEHA C METAJIJIAMUM 


(ITpedcmaeneno axademuxom A. H. Ppymnuneim 13 VIII 1960) 


Panee ObI10 MOKa3aHO, 4TO Ip B3aMMOJeiCTBUH TeTpallMaH3THMJIeHa C MeTaJ- 
JIM4eCKMMH TOPOUIKaMH U COJIAMHM MeTAJJIOB OOpa3yloTCA MOJIMMepHble XeJ1aTHbIe 
CoeMHeHHA, M0-BAAUuMOMy, a30loppupuHoBow cTpyKtyppi (’). Ilommmepupie 
XeJaTHbIe COCMMHEHUA TeTPalMaHSTHJIeHa C MeTaJIaMH He PaCTBOPHMbI B OObI4- 
HbIX OpraHH¥ecKHX PaCTBOPHTeIAX, Wenowax HM pa30aBsIeHHbIX KHCJIOTAX. 
‘OTH BelLeCTBA He MWaBATCH, BbIJepXKHBAalOT MHOrouAaCcOBbIii HarpeB npu ¢t = 500°, 
o61aaioT HHTepeCHbIMH MarHUTHbIMH CBOLCTBAaMH H MOKa3bIBaIOT LIMpoKHe (600— 
800 spect.) H y3KHe CHIHaJIbI CIeKTPOB 9. 1. p. HenaBKOCTb HM HepaCTBOPHMOCTb 
TIOJIMMepHEIX XeaTOB TeTpaluaHsTuvie- 
Ha, Tak Ke, BIIpoueM, Kak M Jpyrux M0- 
JIMXe/ATHBIX CoeuHeHUH (7), 3aTpyAHA- 
eT HX HCCNeqOBaHHe .KX Mepepadorky. 
B cBa3u c 3THM HpHoOperaeT TeoperTH- 
‘GeCKHM HW MpakTHueCcKHH HHTepec HeaB- 
HO MpeAoxwKeHHbIM cnoco6 nowyyeHnus 
MOKPbITHH HW IaCTHKOB Ha OCHOBe I0- Puc. 1. Wudpakpacupid cmekTp novMxeuar- 
(JIMMepHbIX XeNaTOB TeTpauMansTuseHa H Oe ae 

ero cmecelic JH-H TeTpaHuTpHviamH (°). 

 B uwactosmel paOote npHBoyaTca JaHHble WCCeqOBaHHA SeKTPodpusnue- 
‘CKMX CBOMCTB XMMVM4eECKH CBA3AHHBIX C MeTAJIJIOM MJICHOK MOJIMMePHbIX xXe/laT- 
HbIX COe(HHEHHM TeTpalMaHsTMvieHa C MeTaJIaMH, NOYYeHHIX Ip OOpadoTKe 
HOBepXHOCTH IJIACTHHOK M3 Med, *Kese3a, HHKeA HW pAa APyrux MeTaJJIOB 
llapamMu TeTpalluaHsTuviena. 

OG6esxKHpeHHbIe, a B HEKOTOPbIX CJly4aAX MONOJHUTEIbHO MOABeprHyTbie 
93JIEKTPONOMMpOBAaHHIO H TPaBJIeHHIO MeTAaJIJIMYeCKHe MaCTHHKM MOMEILaJIHCb 
BCOCYA.CTeTpalluaHSTHJIeHOM, Nocyie “ero BO3AyX M3 cocyfa OTKAaUMBaJICA HO 
10-5 wm pt. cr. Peaxuuio npoBogqusmu mpu Temmepatype or 150 fo 400° B Teve- 
Hue 5—20 uac., B pe3sybTaTe 4ero Ha MOBeEPXHOCTH OOpasoBasaCb NPOYHO CBA- 
3aHHas C MeTAJIJIOM MJIe€HKa MOJMMepHOrO KOMIMVJIeKCa. 

Tlonyyenubie TakuM clioco6om oOpa3libl MosBepra/ivcb Aa/IbHeHIIHM HCCJe- 
fopanuam 6e3 JononHHTebHOK OOpaOoTKu. TommMHa MeHOK ompesleAach 
‘Ha OCHOBaHHH 3Ha4eHHA yJlembHOrO Beca MomMMepa H Beca mvieHKu. B onpitax, 
MpOBeJeHHBIX. C 2Kee30M, TO/MIHHA IJIeHKH MOJIMMepHOrO KOMIIIeKCa B 3aBM- 
CHMOCTH OT yclOBHii OOpa6oTku noBepxHOcTH cocTaBassa oT 5 -10~° go 3 -10°° cm. 
Tlonygenupie mieHKH BeCbMa TpyHO CxKHFaIoTCA, BCNeACTBMe “ero MO WaH- 
HbIM MHKpOaHamu3a cofepxKanve yrvieposla HeCKONbKO 3aHMxKeHO. Tak, AJA 
MOMXeaTHOrO KOMIIJIeKca MelH . 


= 


Hatigeno %: C 43,66; Cu 20,62 
Butucseno %: C 45,66; Cu 19,88 
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Viccneqopanue u.-K. cieKTpa mleHku*, MOyYeHHOH Ha MedH (puc. 1), no- 
Ka3ayi0 MO/IHOe OTCYTCTBHe MAKCHMYMOB IOP IOMLeHHA B OONAaCTH 800—2300 cm}, 
uTO, T0-BHJMMOMY, CBHJeTebCTByeT © MNapKeTOOOpasHoH CTpyKType M0- 
jyueHHOrO MO/IMMepa, KOTOpy!0, BepOATHO, MOxKHO v300pa3uTb cyleqyioulen 
cXeMOH: 


| | 
aN, NNN 
ss ' eae : hao 
| Sy he PN en | 
—C=E Rae if ‘ oS — 
Pauses Oe N rie et 
NI NF \A\A 
— ‘a 
We N (aan NR 
os : omen ' Ne. 
MeN | N ie ane 
a Noa i \ 
N UN aN oe aeons ON ae 
Raat ieee oe 


INekTpodpusnyeckue CBOHCTBA IWI€HOK H3y4aIHCb C MOMOMLbIO MOCTa Tlepe- 
Me€HHOrO TOKA C MapaJiJIesIbHO COPMMHEHHbIMH EMKOCTbIO MH COMPOTHBJICHHeM B 
yuanasone oT 200 ry yo 0,2 Mru. 

B npoOupky, 3aKaHuMBalomlyiocd WWIM@oM, B KOTOpbI OblmH BHAaAHbI 2Be 
IPpOBOJIOKH, HaJIMBaIM pTyTb. K OfHOH NpoBoOKe MpHcoeqMHANACh NOrpy- 
*%KeHHaA B PTYTb IaCTHHKa, MOKPbITaA NMOMMMePHbIM KOMIIJIEKCOM, a pyran 
TIPOBOMOKA CMY KHMA LIA OCYLECTBJICHH A KOH- 


ae TaKTa PTYTH C H3MepHTebHOK CxeMOH. TakuM | 
o6pa30M, MvieHKa MOJIMMepHOrO KOMMsIeKCca 

“45 urpasa pOb MM3IeKTpUKa B KOHJeHCcaTope, 
] OOKalKaMU KOTOPOrO ABJIAJIMCb MeTaJIIM4e-- 

5 99 CKaAd IWlaCTHHKa HM PTYTb. ; 

> VismepeHua TpoBo,MHcb Mpa AaBleHHH | 
-§5 10-° mm pt. cT. Hanwune Boskyxa, Kak mpa- 
BHJIO, CYL[eCTBEHHO MeCHAeT pe3yJIbTaTbl H3- 

f5 wade Coe ERA, MepeHHii uw OyleT ucceqoBaHO B J\a/ibHel- 

10/7 — eM. 
Puc, 2. 3asucumocrs yxensuolt mpo- Bbw HU3MepeHEI yesIbHad MpOBOLMMOCTb 


BOJHMOCTH OT O6paTHOH Temmlepary pbl M @€MKOCTb ILI€HOK MOJIMMepHOro KOMILIe€KCa 
WJIHi IJICHKH MOJIMMepHoro KomiMiekca B 3aBHCHMOCTH OT TeMMepaTypbl, BPeMeHH 
Haj TpaBlenom 2xeese 300°, 10 vac. mporpepa uv cnoco6a O6paboTKH MOBepXxHOCTH 

Metawua. []Jpu nporpesbe 2xKeseSHbIxX MacCTHHOK 
B lapax TeTpalMaHsTusieHa np 200° B TeveHHe 3 4ac. NOyUaloTCA CpaBHUTeJIbHO | 
Toukue (3 -10~° cm) nueHKM MOMMepHOrO KOMIIIeKCa C yebHOM MpOBOAMMOCTHIO 
nopsgKa 3 -10~°om~* -cm~*H BeMuMHON sptbeKTHBHOM AM31eKTpH4eCKOM MOCTOAH- | 
HOW mpu yactote 3000 ru, BEYHCeHHOM 43 cbOpMysbI AIA MIOCKOrO KOHeHCa- 
Topa, paBHoH 7. IIpw nporpeBaHuu 3THX MVIaCTHHOK, MOKPbITHIX MOmMMepHOu 
IIJICHKOH, B TeX Ke YCJIOBHAX elle B TedeHHe 3 4aCc. HX Ye/IbHaA MpOBOAAMOCTb 
Bospactaa to 3-10-$ om~*-cm™?, a sHaueHue sipeKTHBHOH AMovIeKTpH4ecKon 
NOCTOAHHOHW yBemMunBaOCch 0 36. M3meHenue Temnepatypb! OOpaOorKu mve- 


* 
_ * ABTopbl BbIpaxkaloT HCKpeHHioI 6ularogapHocts IO. II. MourkoscKomy u H. J. Kocrpo- 
BOH 3a CHATHE H HCCJIeMoBaHHe H.-K. CMeKTpa. 
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ie} o o 
ox c 250 yo 450° mpu ofHol uM TO xe NposomKUTeMbHOCTH, paBHoi 10 4ac., 
PHBOJMT K pOcTy yebHOM MpOBOAUMOCTH, KOTOpad KomeOmeTca oT 5-1078 


| eS eee 10-6 =1 angel ° a 
i M™" cM" " AO 5-10-° om™*-cm™*, a sHaueHMe odibexTHBHOH AusTeKTpHuecKoH 
‘TOcTOAHHOH Jocturaet 70. M13 3Haka TepMO-9. J. Cc. 


‘emelyeT, 4TO MJIeCHKH WMeIOT P-THM MpoBOsH- 80 

‘MOCTH. 300 

_ Hapuc. 2 mpefcrapsena 3aBMCHMOCTb y]eJIb- 260 

‘HOH MpoBosHMOocTH OT OOpaTHOH Temiepatypbi 60 

qi WJIEHOK MOMMepHOorO KOMIIeKca Ha 2xXe- 220 \ 

nese. M3mepenua MpoBoguIMcb B MHTepBasle TeM- t 70 © 

‘Tepatyp ot —40 no +220°. Ha xpupo orgetr- &_ | 40 1 
'AMBO BHIHO Ba TIpAMOJIMHEHHBIX yuacTKa. Ilep- 4 

BbIii y4aCTOK, OTHOCANIMHCA K TemMilepaTypam OT 100 

—40 qo +30°, coorBercTByeT 9Hepruu aKTHBa- 20 

mun 0,07—0,12 98. Bropot yuacrok orseuaert oi é 
‘Temnepatype oT 30 20 250° u cooTBeTcTByeT sHep- 20 

Tau akTupauun 0,21—0,28 9B. HaOmogaemaa ER ae 
(3aBUCHMOCTh JOrapHdMa yAebHOH MpOBOHMo- gv — 


* OT OOpaTHOH TemiepaTypbl aHaJIOrMuHa 3a- 


Puc, 3. 3aBucumocTb sdekTHB- 


|BUCHMOCTH OT 1/T AIA TMOJYTIPOBOLHHKOB, 06- yo quameKTpu4eckoll mponuuae- 
pe TIPHMeCHOH TIPOBOXMMOCTHIO. moctTu (/) H ConpoTHBieHHs (2) OT 
' Hamm Opa Takxxe u3MepeHa 3aBHCHMOCTb “orapudMa waCcTOTH ANT MWeCHKH 


‘acdbheKTHBHOU JM9IeKTpHYeCKON IIpOHHLaemMocTH 
‘M COMpOTHBeHHA OOpasuoB OT mOrapHdMa 4a- 


TOJIMMepHOTO KoMIleKCa Ha TpaBe 
jleHom xkemese 250°, 10 uac. 


CTOTbI MepeMeHHOrO ToKa B JManasoHe 400 ru—O0,2 Mru. CoorTBercTByromlue 
-KPHBbIe MpeACTaBJIeHbI Ha pic. 3. CrelyeT OTMeETHTb, YTO EMKOCTb H COMPOTHB- 
JleHve OOpa3sioB MakaiwoT Mp HaOKeHHM MOCTOAHHOTO HalpAXKeHHA, KaK 9STO 


BHJIHO H3 puc. 4. 


HeoOxoqumMo TakxKe yKa3aTb Ha HHTePeCHbIi pesyuIbTAaT, MOMYYeHHBIH Cc 
“TI4CTHHKaMH, MOKPBITHIMH TlvieHKOM momMMepHoro KommseKca. IIpu npomyc- 


Puc. 4. 3apyicumocTb emkocTH (2) u 
CONpOTHBeHHA MWieHKH (/) mosuMep- 
HOrO KOMIMsIeKCa OT HaJlOxKeCHHA M0- 
CTOAHHOFO HalpsAxKeHHaA (Ha BO3s/yUI- 
_HOOKHCeHHOM xeNIe3e) 250°, 20 uac. 


KaHHM MOCTOAHHOTO TOKa Yepe3 CIMPTOBbIti 
pacTBop MeHoro Kymopoca Ha MomuMepHOn 
TWeHKe, MOYYeHHOH Ha *KesesHOM MacTHH- 
Ke, BbICaxKHBaeTCH Melb, KOTOPad MpOuHO 
Jlep2xKHTCA Ha MOBepXHOCTH MOJIMMepHOrO KOM- 
miekca. CpaBHHTeJIbHO BbICOKHe 3Ha4deHHA 
apbekTHBHOH AMSeKTpH4ecKOlt MOcTOAHHOH 
yKa3bIBaloT Ha TO, 4TO MbI, BOSMOXKHO, HMC€M 
leno C MOAPH3alHel «MpOBOAAMLUX» Makpo- 
MOJI€KY JI. 

JA OKOHYATEIbHOTO BbIACHeEHHA BOTIpOCca 
O TipHpolle 3IeKTpOPusHYeCKUX CBOMCTB STHX 
TWieHOK, B “YAaCTHOCTH OMpeseseHHA BOSMOXK- 
HOH POH HEOMHOPOMHOCTH CTPYKTYPHI, He- 
OOXOJMMO TIpOBeeHve H3MepeHUH scpeKTHB- 
HOM KOMIVICKCHOM JMSIeEKTPHYeCKOM MOCTOAH- 


‘HOH mp Gonee BBICOKHX “aCTOTaxX, KOTOPpOe B HacTOAMee BPeMA MOATOTOB- 
i 


| JIAeTCA. 


= 
Buipamaem ruryOoky1o OmarofapHocTb akajl. A. H. ®pymxKuny 3a wHTepec 
‘K paOoTe M4 MOMOMIb Npu ee MpoBeweHun. 


VuctutyT xumuueckon (u3HKH 
Axajemuu Hayk CCCP 
UuctutyT 91eKTpoxXHMHu 
Axaylemun nayK CCCP 


Tlocrymumo 
13 VIII 1960 


J WIATMPOBAHHAA JIMTEPATYPA 

_ TAA. Bepaun, H. Tr. Matseesa, A. H. Wlepae, Usps. AH CCCP, OXH, 

1959, Ne 12, 2261.2 A. A. Bepauu,H. Il. MatBeesBa, Yen. xum., 19, B. 3, 277 (1960); 
cM. TakKe A. A. Bepaun, Yen. xu. noaumepos, B. 3 (1960). A. A. Bepaun, 
OH. I. Marspeesa, A. WU. lWlepue, Ast. cpug. Ne 126612, 7 IV 1959. 
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Aorsage Akagqemun nayrxr CCCP 
1961. Tom 136, Ne 5 


PH3SHYECKAA XHMH A 


3. A. BJIFOMBEPY, A. A. MAJIHEBCKHM 
H 4Je@H-Koppecnonyzent AH CCCP H. M. IMAHYQ9JIb 


KPHTHYECKHE SABJIEHHA MPH DKUAKO®A3HOM OKMCJIEHHM 
BYTAHA B BEH30JIE 


Buicokasd sipeKTHBHOCTh cnocoOoB OKNCeHUA HH3KOMOJI€KYJIAPHBIX yrvie-| 
BOAOPOMHEIX Ta30B B KUAKOH dase (*,*) MpHBeKaeT MHTepec K HCMONb3OBaHHIO| 
HHEPTHBIX PACTBOPHTeJeH, MOSBONAIOMIMX COXPaHATh *KUAKOasHy10 CuCTeMy | 
IPH MOBBIMCHHBIX TeMMepaTypax U TeM CaMbIM OOeCreyHBaTh OovbIllyI0 CKOpocTD| 
peakiun. Jlia mpotecca okuceHHaA @KMKeHHOTO OyTaHa B KauecTBe TaKoro| 
PaCTBOPUTeIA MOXKET CJYKUTb YKCYCHaA KUCJOTAa, ABAIOULAaACA OCHOBHBIM| 
MpOyKTOM peakunu (34). 


% 


to 


16 | 
12) 
= 3 
AP Puc. 1. |] —kuHeTuyeckve KpHBbIe HakoM- | 
JI@HHA YKCYCHOH KHCJIOTLI pH OKHCeHHH 
CKWKEHHOrO OyTaHa B OeH30e mpu 170° u 
: a , AaplenHu 00 am. G—Yy.4 < 0,4, 6— 
10 Yuau = 9,49, @— Yuau = 9,61, es eau 
08 UT =0,92; I] — 3aBucumocTb KonuuectBa yk- | 
06 CyCHOH KHCHOTHI, O6pasoBaBilelica 3a 2 4a- | 
nat Ca peaKIMM OT Y,,,4 pH Tex Ke yCOBHAX; | 
4 II] —vusmenenne Y CO BpeMeHeM peakILHH 
az mpu 170° u qaBnenuu 50 arn. 


0 2 4 6 8 yac 


A Ee ee 


de 
0 24 6 8 1 i2 4 16 1 20 vac 


B Hactostlel paGote mpoBeyeHo ucceqoBaHhe OKUCJIeHUA GyTaHa B OeH3oue, | 
B xoJ€ KOTOporo ObIO ycTaHOBJeHO cBOeOOpa3sHoe KHHeETHYeCKOe NOBeLeHHE | 
STOrO pacTBOpHuTeIA. OKa3saocb, YTO CKOPOCTb peaKIMH MH MAKCHMAJIbHbIe BbI- 
XOMbI NPOLYKTOB *KULKOasHoro OKNCeHuA OyTaHa B GeH3OIe 3aBHCAT OT CO- 
OTHOWECHHA KOHUeEHTpalul OyTaHa u OeH3sona ¥ = [RHI/IC,H,]. Stra 3aBucu- 
MOCTb HOCHT APKO BbIPAaKeHHbI KpUTMYeCKUH XapakTep. CymjecTByeT HeKOTOpaa 
BeM4MHA CooTHOIeHHA [RHI]/[CgsHg] = yup, HuKE KOTOPO OKHCHeHHe OyTaHa | 
He MCT COBCeM, a BbIIMe PasBUBaeTCA OObIMHaA ABTOKATAHTHYeCKad peakluA. | 
OMNLITHI NpOBOLMIch Ha YCTaHOBKe aBTOKJaBHOrO TUNA, CrelMa/IbHO IipHenoco6- 
JI@HHOH JIA OKHCJICHHA CxKWOKCHHBIX yruleBoJOpomHEIx ra3oB (7). B wensax | 
YCKOPeHUA Tpolecca (WIA «CHATHA» NepvoOsa MHAYKIMM) MCHOb30BascA cTea- 
paT koOabTa B KouMuecTBe 0,04 mou. % oT ucxofHoro OyTaHa. Xoq okucieHuA 
KOHTPOJMPOBaJICA TO KHHETHYCCKUM KPMBBIM HAKOMJICHHA OCHOBHBIX MPpOAYKTOB 
peak — YKCyCHOM KUCJOTE HM MCTHJSTHIKeETOHA, a TaKxKe 10 MpoMexkyTou- 
HOMY IIpOAyKTy rufponepekucu H-6yTana. 

Ha puc. | J npupezeutt KuneTHUeCKHe KPHBbl€ HAKOIMJICHHA YKCYCHOH KUCJO- | 
TbI IPH OKUCJICHHM CKMKEHHOLO OyTaHa B 6eHsouIe mpu 170° uw yaBnenun 50 aro., 
HJIJOCTPHPYIOMMe ABJIGHHE KPHTHYeCKO KOHWeHTpallun GOeHsovia. 

BuHO, ¥TO BEIXO yKcycHOl KUCHOTEI TlayaeT 10 Mepe YBeJIMYCHHA KOVJIN- 
4ecTBa OeHSO/Ia B MCXOMHOM CMeCH BIVIOTH 0 3HaTeHHA Y = 0,40, mpu KoTOpoM | 


y, ‘ 
u ( 


peaKIHA MOMHOCTHIO MpekpawyaeTca. ITO ABMeHMe OCOOEHHO HarwIAQHO BbICTY- 
‘iaeT u3 puc. | JJ, na KOTOpoM mpuBezeHa 3aBHCHMOCTb KOmMUeCTBAa yKCyCcHo- 
“KMCJOTHI, OOpasoBaBlelica 3a 2 uaca peaxuun, oT y. HesnaunTenbHoe H3MeHeHHe 
“BeJIMYMHBI Y BOAM3H Yxp = 0,40 npuBogutT kK peskomy lepexoyly OT mowHoro oT- 
cyTCTBUA peakilMM K OKUCNeHMIO OyTaHa CO 3HAaYHTebHOK CKOpocTbio. HetpyszHo 
yOequTbes, YTO B TeX CyyaAx, Korya WIA onpira OepyTca cmecu c y>0,4 peax- 
‘WMA HAeT To Tex Mop, NOKa B xoye mpowecca He JOCTHraeTcA 3HaYeHHE Yxp = 0,4. 
Jn stToro ¢ MoMonIbIO ra30Boli XPOMATOrpacpHH MBI Npocle qu 3a BLITOpannem 
OyTaHa B xoe peakIMH H TelicTBUTeEbHO HaGM0JaNM OCTaHOBKY Mpowecca, KaK 


a 
: ; 
Puc. 2. Bpegenue 6yrana u Sen30aa mo xogy peakunn pu 
470° u mapnenuu 50 arm. 7 — kunetuueckaa KpHBasl Ha- 
-KOIJ€HHA YKCyCHOM KHCJOTHI MPH ¥,,., = 0,92, mepenecen- 
Has c puc. 1 J. Touxu otpaxator KuHeTuky\ HakonmeHua 
YKcyCHOM KMCJOTEI, HaYHHad Cc MOMeHTa 2O06aBKU OyTaHa JO 
= 0,92 Kk cmecu c Yau = 0,40, Belgepxannoli B cocyze: 
| abe yaca, 6—1,5 uaca, @6—2,5 uaca, 2e—4 uaca. 

— KPHBaaA HaKOMJIeHHA YKCYCHOH KHCOTEI Ip oOaBKe 
K CMeCH C ¥ yay 0,92 cBexero GeH30na fo y=0,40. Mo- 
? MeHT JOOaBKH OeH30/Ia OTMeYeH cTpemKOli 


aa Eee | | ea Le! 29 

024 & 8 W i2 vac 
‘TOJIbKO 3HayeHHe y Nagano no 0,4 (puc. | ///). Tipu HCKYCCTBEHHOM YMeHb- 
MeHun Y AO Yxp B XOMe peakUMH, HayaBllelica pH Yuay = 0,92, IlyTeM 
(BBeeHHA OOaBKH cBexKero G6eH30Na Takxe HaOstoqaetca moswHaa octa- 
HOBKa Mpowecca (KpHBai 2, pyc. 2). Bria cyenana eme owHa cepua 
lombitoB. B peakIlMOHHEIM cocyZ, B KOTOPoM B TeueHHe JJIMTebHOTO BpeMeHH 
1B YCIOBUAX PeaKIM BbILEPIKUBAACh CMECh OyTaHa C GEH3O/IOM C Y< Yxp, 1O6AB- 
ANCA CBEKUN OyTAH 10 COOTHOLICHUA Y>Yxp. IIpu stom cpasy 2Ke HauMHasacb 
\peakiMa OKkuCIeHuA OyTaHa. Bpemsa BpiyepxKuU cMecn B yCJIOBHAX Hensyulen 
PeakUMM COBEpIIeHHO He CKaSbIBaeTCA Ha XapakTepe KMHETHYeCKUX KPHBLIX 
(Mocie pasOaBnenua cmecu OyTaHom (pa3IM4HBIe TOUKH Ha KpuBou J puc. 2). 
STM OMBITI YKa3bIBaiOT, YTO HaOOMaeMbIe KPHTMUeCKHe ABEHUA CBABAaHLI He- 
MocpefcTBeHHO c HasMUNeM OeH30,Ia B ONpeyeneHHO!i KOHI[€HTpalluH, ac He OOpa- 
‘30BaHHeM KaKkUXx-JIMOO MpOsyKTOB ero mpeBpamenna (Hampumep, cbeHosa). 
To-BuqumMomy, MoJeKysbI GeH30na pearupytoT c N€p€KHCHBIMH pasuKaslaMu 
RO;, o6pasya Hospi KommeKcnutii Ppaqukat [C.H,ROs]’, sHauurenbHo 
MeHee AKTHBHBIM, vem PRG M HeECHOCOOHEIN BCJIEXCTBHe 3TOFO K TaJIbHevIeMy 


MpofoukeHmio wenu. Takum oOpasom, B3auMogelicrBue Gexsoma c RO; cbakTHu- 
H€CKH ABIAeTCH peakilveh OOPEIBa WelM, M KOHKYPeHIMA STON peaKIMH Cc peak- 
‘(uel oOpasoBaHuaA ru{ponepeKuMcu JexKUT B OCHOBe ABeHUM, HaGmOLaeMBIX 
HaMM IIpH OKuCIeHHu OyTaHa B GeH3oVIe. 


Jla TeopeTHyecKoro paccMOTpeHHA TakOrO MexaHH3Ma lipomecca BBeyeM 
B OOMLENPHHATY!IO CXeMy XKHAKOasHoro OKUCeHUA peakiu10 OO0pa30BaHuA 
KOMIVIeKCHOrO paguKasa [CsH,RO,] Kak equHCTBeHHEI nyTD o6pphipa Ten 


({kBaqpaTHuHbiM o6ppiBom RO,-+ RO, lipeneOperaem). 


RO, + RH 8 ROH + R*—nponomxenue nem, 


he y 
ROH — RO, — pasperBpuienue wenH, 


RO} -+ C.Hy > [CHRO] — o6pre uenn. 


| 
| 


3yecb RH — 6yran. Ecuu nmpwusath KoneHTpanuio 6yTaHa mocTosHHOL (a8 
DaHHeH cTayjMu mpouecca), TO cxeMa MpHBOAMT K cHCTeMe JBYX sMHelHEX 


S* fist 


AudepeHuvasbHbIX ypaBHeHHH: 


4 {ROH _ f, [RO}] [RH] — &s [ROH], (1) 
sent) = toy — hy [RO] [CoH] + Bs [ROH], (2) 


rye Wy) — CKOpocTh OOpasoBaHuA pawuKaos. Ilomarad KOHWeHTpaliMio palu-§ 
Kanosp [RO] cralMoHapHow u pelliaa cuctemy ypaBHeHuli (1), (2), nomyyaem:| 


aS Wo Ao [RH] ~~ | 
Regie — Ra [CoH] {exp i( kg [CoH] 1) bat} 1}. (3) 
~ ke [RH] 
U3 ypapnenus (3) cnenyet, uTo upH too BemuyHHa [ROH] crpemutcsa} 
. kg [CoHe] kg [CeHe] 
K MOCTOAHHOH BeMYMHe IPH |” Very > 1 u pacter npu Ta [RH] Ay 
Takum o06pa3om, CooTHOMeHHe i= ae ABJIACTCH YCJIOBMeM mepexofa§ 


OT Me€JJIGEHHO pa3sBuBalolleroca mpomecca K ObICTpOMy aBTOYCKOPeHHOMY. } 
O6pasoBaHHe KOMMJIeKCHBIX paguKanoB Tuna [C,H,RO2] mpemnonaraetca 
TakxKe B paOoTax JpPyrHx aBTOPOB, HampuMep, MpH uccTeqOBaHHU peaKkILMH | 
cboTOXOpHpoBaHuA 2,3-quMeTHNOyTaHa B OpraHMyecKkHx pacTBopuTenax (°),! 
peakUMH TPHeHHJIMETHIbHEIX PaMKaJIOB C PAXOM MpOH3BOLHIX GeH30Na (°), 
peakWHu MOJMMepH3aluH cTHposa B OpomMOeH3o0e ("), peakWMM pacnafa Ou-| 
TpeT.-OyTHJI MepeKHCH B WHKJIOreKcaHe B MpHcyTCTBHU OeH30/a, xNOpOeHs0ual 
(®), peakunu pacnagza mepekucnH GeH3soHa B GeH3oue (°), pH ucceOBaHHH| 
MeTOJOM 9. II. Pp. palWKaJIOB, OOpasy!OWlMXCA MPH payHosuse OeH3oua MH ero IIpo- 
H3BOHBIX (7°) v Wp. OfHaKO B THX PadoTAax He COJepKUTCA MaTepHaJIOB, Ha OCHO-| 
BaHHM KOTOPbIX MOXKHO ObWIO Obl NOMYYHTb KMHETHYeCKYIO XapaKTepHCcTHKy 
3JIe@MeCHTapHOH peakiHH OOpa3s0BaHHA KOMMJeKCHOrOo pagukKasa. PesyJIbTaTHI 
HaCTOAMeH PaOoTb WalOT BOSMOXKHOCTh B N€PBOM MpHOMKeHHH OLWCHUTb BeJIH-| 
YHHY SHEPHH aKTHBAaNMM peaKUMM paluKaula C GeH30JIOM. SKCNepHMeHTAabHO 
1 
Yxp 
TEC 170 145 140 
Yep 0,40 0,69 0,78 


2 
HaMH ObIJIH OMPeeeHbI BeJIMUHHDI me TIpH pa3HbiIx TemmepaTypax 


k 1 7 %f 
Ilo 3aBHcumocTu Igg OT Oblia HalijeHa pa3HOCTb 3HeEprHuit aKTHBA-| 


UMM peakKUMH MpOsOMKeHHA WenH M peaKUHH OOpa30BaHHA KOMMJICKCHO-| 
ro paqukana E2—Ea=9,0 xxan/momb. I[punumaa spenmununy E2 = 11,5} 
KKaJ/MOJIb (M0 aHaJOruM c peakltweli oKucCeHuaA H-JeKaHa (#)) Haxoqum 
aia Ea BeMUMHY, paBHyio mpHOmusuTenbHo 2,5 KKan/Mob, T. @. 3Ha- 
YeHHE BECbMa TpaBAOMOOOHoe AIA peakUMi MpAMOrO MpHCOeMMHeEHHA PalHKa- 
JOB K MOJIeKyJIe. OKCNepMMeHTabHOe ONpesemenne BeTMYNHEI Ee Jia XKUIKO-!} 
(basHOro OKHCJICHHA OyTaHa MO3BOJMT HaM B asbHeluem OMpeeHTb BeEMUIMHY| 
Ea 6onee TouHo. 


WucrutyT xumuueckolt dbusuKn Tloctynusio 
Axajemun Hayk CCCP 26 X 1960 
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®HSHYECKAAH XHMHA 


A. B. BOHJAPEHKO, B. ®. KHCEJIEB u K. ©. KPACHJIBHHKOB 


O TEPMHYECKOH JErHAPATAWMH KPEMHE3EMA HW HEKOTOPBIX 
CBOHCTBAX ErO NOBEPXHOCTH 


(ITpedcmaereno axademuxom M. M. Ty6ununoim 14 1X 1960) 


B cBa3v c npefowenHou B (1) rumoTeTH¥eckOH CxXeMOl MeXaHH3Ma Jeruypa- 
‘TallHH MOBepXHOCTH KpeMHe3ema ObIJIM CeJaHbl MOMbITKH (?,°) yYTOUHHTS cocTaB 
TIPOMYKTOB, BbIJeIAIOMIMXCA pH ero TepMuyecKoH OOpadorKe. B paoote (°) 
Obi0 OOHAPy2KeHO, YTO NPM HarpeBaHHM MOPOUIKOB KpUCTasIM4ecKOrO KBaplla 
‘KpOMe BOJbI B HeKOTOPbIX CiyuaAx BbIenseTca CO, H He BbIMOpaxKHBaeMbIit 
>KHIKUM BO3AYXOM TOPIOUHH 1a3, KOTOPbIM Obl MO STHM MpH3HakaM OTOXKe- 
‘CTBJIeH C Bosoposom. KomuuecTBo ompeflesieHHoro TakKHM OOpa3s0M Bosoposa 
KoNeOaoch AIA pasHbIx OOpasyoB KBapla B mpesenax 10—40% or konuuecTBa 
BbIJeMBIWeHCA BosbI. IlopTopuB 9TH ONLITHI, aBTOp (*) TaK2Ke HAO MOAI BbIAeJIeHHE 
BOWopofa Kak H3 HCXOJHOrO NopoMiKa KBaplla, TaK M MOCse ero perugpaTauun. 
Jlonyckas, 4uTO B MpHpOsHEIX KpHCcTaax KBaplla MO*KeT HaXOMHTEeA cBOOOI- 
HbIii paCTBOpeHHBI BoLopos, aBTop (*) OTHOCH BOROPOL, BbIeAONuMicA U3 
peruspaTupoBaHHoro o6pa3zia, 3a CueT JMCCONMALMM MOBepXHOCTHBIX OH-rpynn. 

Panee Oblmo0 moKka3aHo (°), UTO MOBepXHOCTb KpeMHeseMa IIpH ero TepMHue- 
‘CKO JeruspatTauuu oOaaeT OKHCJIMTeIbHLIMH CBOMCTBAMH, T. e€. COfepxKUT 
‘HEKOTOPHI H3ObITOK ATOMOB KHCJIOpoOsa CBepX CTEXHOMETPHYECKOLO OTHOLICHHA. 
JIA Toro 4TOOLI yCTaHOBUTb TIpupoxy H MexaHH3M OOpasoBaHHA STUX IeHTPOB, 
HeEOOXOJMMO ObINIO MIpeANPMHATh JleTaIbHOe HuccMeqOBaHHe cocTaBa ra3s0Boi 
(ba3bl, oOpasyronlelica B nMpolecce TepMHueCcKOM JeruspaTauun KpeMHe3eMa, a 
TakKe CBOHCTB MOyualollelicA Mp STOM erHApaTHpOBaHHOM OBepXHOCTH. 
Jia peuleHus mepBol 3ayauv BecbMa yJOOHBIM OKa3aJICH MeTO, MaCc-CleKT- 
“pambHoro aHasmu3a (67). B pe3symbTaTe NospoOuoro UcceqoBaHuA MpOAyKTOB 
‘Jeruypatayuu psaga oOpasn0B amopdHoro HM KpHCTaM4YeCKOrO KPe€MHe3eMOB 
“ycTaHOBHJIH, 4TO BbifeneHue H, B 3aMeTHBIX KOMUeCTBaX He MpOUCXosUT. Dplso 
| BEICKa3aHO Tpesnoomenue (7), uTo aBToppt padoT (?,°) HaOoMaJIM BbILeTeHHe 
He H,, a rmaBHbIM o6pa30m CO, BO3HHKaBIero 3a CUeT OPraHHYeCKHX 3arps3- 
HeHHi. 

- Bmecto H,. mpu JeruspaTauHu HeCKOJIbKHX Ppa3HOBHAHOCTeH KpHCTasM4e- 
CKOrO KBapWeBOrO MOpPOMIKa HM CHINKareiA HeOwKUaHHO OOHAPyXHIH BbIee- 
He MOJIeKyApHoro Kucopoga (°). TemmepaTypHai 3aBHCHMOCTb STOrO TIpo- 
mecca oOlaaa JByMA MaKCHMyMaMU: B OOulacTH cpeqHuX Temmepatyp (500— 
550°) u B oOnactu BEICoKUx (900—950°). TIpovcxomweHHe KucOpofa, BbIqesAB- 
weroca Mpu cpeqHuX Temmepatypax, yal0Cb erkO yCTaHOBHTb. OH NOAB/AUI- 
CA KaK cjlefcTBHe OOpa6oTKH KpeMHe3emoB napamu HNOs, koTopas mpoBosH- 
ylacb OOBIUHO C LebIO OUMCTKH MOBepXHOCTH OT OpraHuyecKHX 3arpsASHEHHA. 
OueBufHO, HeEKOTOPOe KOMHUeECTBO OKHCIOB a30Ta YflepxKHBaOCb TIpH 9TOM, 
oOpa3syA CpaBHUTeJIbHO TIpO“Hy!0 CBA3b C NOBEPXHOCTbIO KPeMHe3eMa (®)-s4r0 
KacaeTca BbifleieHua O, mpH BbICOKUX TemMepaTypax (2-H MaKCuMyM), Korya 
OCHOBHaH Macca «CTpyKTYpHOM» BOJbI ye ylalaANach, Wpesmonaranoch, ATO 
KMCNOPOA OpraHM4yecKH CBA3AH C MOBeEPXHOCTbIO KP€MHESEMOB H UTO MPOllecc 
| ero OCBOOO*KTeHHA MOXKHO paCCMaTPHBaTb KaK OTParxKeHHe KAKHX-TO H3MeHCHHH 
| ykasaHHo moBepxHoctu. Ha 9ToM OcHOBaHMM HM OBL ynoTpeOieH TepMHH «cTpy- 
KTYPHbIi» KucmOpoy (°). OnHako MoqYuepKHBaNOCh, YTO NPAMAA CBASb Mey 
KOMM4ECTBOM CTPYKTYPHOH BOLI, COMepxKalelicA B KPeMHESEMAX, H KOJIMYCCTBOM 
‘Op, BbiesAIOMeroca pH BbICOKNX TeMMepaTypax, M0-BAAHMOMY, OTCYTCTBYeT. 
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B OTHOUIeHHN BEIeeHHA Oz HeEOObIMHbIM OblIO NOBeAeHHe OHOTO 43 OOpas- 
oB cuuIMKarena (K-2), KoTOpbid TOTOBMJICH B JIaOopaTOpHIX yCJIOBHAX, MyTeM } 
rugpomu3a SiCla, c MAKCHMaJIbHbIM COOJOJCHHEM UHCTOTHI THATCNbHOCTH Orle- 
pallu, U, KpOMe JJIMTeJIbHOH OTMbIBKH OHAHCTHJJIMpOBaHHOM BORO, HHKaKOii 
JONMOJIHUTeEbHOH OUMCTKe He ToyBepravica. Macc-cneKTpasbHoe uccmeqoBaHne 
UpOLYKTOB JervspaTalMu sToro OOpasia MOKa3sbilBasO OTCYTCTBHe Kak Oz, 
Tak U He B 3aMeTHBIX KOJIMYeCTBAaX. 

Takum 00pasoM, MOvlyYeHHble JO CHX Nop aHHble OKa3bIBaIMCb MpoTHBope- | 
UMBBIMH: JIA Pa3sJIMYHBIX IpelapaTOB KPpeMHe3eMa, B 3aBHCHMOCTH OT MeTOJOB | 
MX IOJyYeHHA, OYMCTKH HM UCCeOBaHNA, B OJHUX Cyuadx (2,3) HaGmogasocb | 
Bbijesienue He, B Apyrux — oTcyTcTBue He uw Hauune Os (67) u, HaKoHell, 
MpakTH4ecKH MOMHOe OTCYTCTBHE TOFO H Apyroro (cuiMKaremb K-2). Burenenne | 
Oz Mp TepMuyecKOH OOpaOoTKe KPeMHE3CMOB He yJlaBaOCb COracoBaTb Cc TeM 
(pakTOM, YTO MOBEPXHOCTbh KPeMHe3seMa MpHOOpeTaeT Mp 9TOM OKHCJHTEJIbHBIC | 
cpolicTBa (°). Heo6xoyuMo TakxKe MOJYepKHYTb, YTO B (2-4) He HaOmOaNocb BEI | 
JeeHHA BOAOposa M3 CHINKaresel, a TObKO W3 KpHCTa/IMYeCKUX KpemMHese- 
MOB, YTO MOXKET CBUJCTEbCTBOBATh OO MHOM, He NOBEPXHOCTHOM MIpoHcxoxTe- 
Huu He. 


ScHOCTb BO BCe STH BOIPOCbE YAaslOCb BHECTH B Pe3yJIbTATe JONOMHUTEIbHBIX | 
ONBITOB C MaCC-aHaJIH30M MPpOAYKTOB JerupaTaluu KpeMHe3eMoOB, BapbupyA 
yCOBHA HX MoJyyeHua u oOpadorKu. B uacTHocTH, mpescTaBanoch HeOGxo- | 
AMMBIM yOeAUTbCA, 4TO BbIeneHue He, ecCM OHO MpOHCXOmUT, HE ycTpaHseTca | 
B pesysIbTaTe OOPpaOoTKH KpemHesemoB HNOs. Hopsple askcnepHMeHTEI MO Macc: | 
aHaIH3y BeJIMCb C MIPHMeHeHHeM HapyXHOM HarpeBaTebHOH cucTempI (7), HO | 
6e3 BbIMOpaxKuBaHuA mapoB HeO no myTH ux nocTymieHusa B MACC-CI€KTPOMeTp, | 
¢ TEM 4TOObI OMCHUBATb OTHOCHTEIbHOe COfepKaHUNe [pyruxX KOMMOHEHTOB ra3o- 
OT€€HHA TO OTHOWeHHIO K H2O. 


Bll McclefOBaH CBExKeNPHFOTOBJeHHbI OOpasell cuuKarean, Tuna K-2, 
B BO3MOXKHO OoJlee YHCTOM BHJE KaK 6e3 JONOMHMTeNbHOM OOpaboTKH, TaK H | 
oOpadotanubili HNOs. B o60nx cay4aax B Macc-cneKTpe OblvIo OTMeEUeHO HEOOdb | 
moe KomuyecTBO He, cocraBiaBuiee 1—2% mo oTHOMeHHIO K BbILeMABIeLCA 
H2O, HesaBucumo oT Temiepatypsl. B nepBom cayyae Oz nomHocTIO OTCYTCTBO- 
BaJI BO BC€EM HHTEpBavle TeMMepaTyp, a BO BTOPOM, Kak HM paHee B MOMOOHEIX caly- | 
uaax (7), HaOmOMaocb BbIJeIeHHe HeKOTOporo KomMYecTBa Oz u NO B o6sacrTy | 
CpeqHUX Temnlepatyp. CuleqyeT 3aMeTHTb, YTO HB IpexXHUX OMBITax (*), c Apyrumu 
Pa3HOBUAHOCTAMM CHJIMKareat HW C KBapIleBbIMH MOPOUIKaMH, BbILeNABIIMMH | 
Oz, B MACC-CIEKTpe NOABIAJICA BONOPOL B TOM CuIy4ae, ecan He BbIMOPaxKUBaJIHCh | 
napbl BosbI. BenwawHa OTHOWIeHHA MOHHBIX TOKOB He u H2O scerga ocTaBamacb 
IPHMePHO OMHAKOBOU, KovleOIACh B mpenenax 1—3%. Sto cBuyeTenbcTByerT, 
OYeBHHO, O TOM, YTO B YKa3aHHbIX OMbITAX HaGIOMasICA TaK Ha3bIBaeMbIii oc- 
KOJOUHBIH BOLOPOL, BOSHUKAaBLIMAA MpH pasyqpoOeHun MoseKyw 3JIEKTPOHHbIM 
YHaPOM B HOHOMCTOUHUKE Macc-cleKTpomeTpa. CnelwasbHbIMH OMbITaMy Cc Mapa- 
MM 4HCTOH BOYbI, BBOJMMbIMM M3 HarpeBaTebHOL CHCTeMBI B MaCC-CN€KTpoMeTp, 
IPH H€M3MCHHOM PexKUMe paOoTH! NocMeLHeErO ObIIO ycTaHOBJIeHO, YTO OTHOUIe- 
une H3/H2O* u B stom Culy¥ae HMeeT BEMYMHY, MpaKTHYeCKH COBMaaloulylo C | 


yk3aHHO Bue. Tem cambim oTcytcTBue He B IpoflykTax Jernypatauu cunuKa-— 
reseH ObWJIO OKOHYATEJIbHO NOTBEpKeHO. 


B KayectBe KpucTasIM4ecKoro KpeMHe3sema Obl HcceqoBaH MOpowiok rop- 
Horo XPYycTaJiA C yAeJbHOH MoBepxHocTto 1,5 m?/r, nowy4eHHDI pactupaHnem 
KPYMHBIX KPHCTaJIJIOB B apopoBolt cTymKe Nox cloem Bogb. B atom cayuae 
MacC-aHaJIM3 Ta3s0B B Tpolwecce JeruspaTallMu MOpoliKa noKa3an BBIeeHHe 
SHaYHTeBHOTO KOJIMNeCTBa He, OblcTpo BO3pPaCcTaBILero C MOBbINIeHHeM TeMme- 
paTypbl npokanuBanua (mpu 1000°orHomenue H3/H2O* cocrapasio oKono 200 %). 
Brigenenne O» ve HaGMOJanocb. IToT NopowloK BEYIesH1 He wu nocne o6padorku | 
a3OTHOH KUCJIOTOM, XOTA HM B HECKOJbKO MeHbIUeH cTeneHn. 

Bosee nozpo6noe uceneqoBanue BEenenua He 13 MOpOWkKa ropHoro xpyctana | 
(6es o6pa6orku HNOs) 6pi0 MpOBeeHO C OHO M TOM 2Ke HaBecKoli, KOTOpAaa | 
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MloyBepraacb YeTLIPeXkKpaTHOMy MpoKauBaHHIo Zo 1000—1100° c oguo- uau 
UBYXAHEBHBIMH HHTepBasaMH. 3a 9TO BPeMA HaBeCKa WIM PperuypaTupoBawacs, 
WIM OCTaBaJlacb B BakyyMe. OxKa3aslocb, YTO BOMOPOA BbIZeIAeTCH pu KarxKIOM 
oOuepeHOM MpOKaIMBaHUU MOpOlIKa, H€3aBHCHMO OT Toro, ruApaTHpoBaHa ero 
MOBEPXHOCTb WIM HeT. Komuuectso Ha, BpIfeABUIeroca B KaxKIOM MOceLy1olleM 
ombite (Kak lo aOcoJHOTHOM BeJIM4HHe, TAK HM M10 OTHOIWeHHIO K H2O), mMoHoTOHHO 
yMeHbUlaslocb MO Mepe yBeJIMYeHHA CYMMAaPHO WIMTebHOCTH HarpeBaHuA 
(puc. 1). Anenne npoteKasio TakuM OOpasoM, Kak eCJIM Obl BOLOPO, BEITeIAB- 
WIMMCA pw HarpeBaHHH NopoulKa KBapila, Obl] He MOBEPXHOCTHOrO Mpoucxoxse- 
HHA, a PacTBOPeH B pellleTKe NPHPOMHEIX KPHCTaOB ropHoro xpyctTamsa. Sto 
MpeANONORKeHve yLAaOCb NOATBEPAMTb BECbMAa IIPOCTo. Bplia B3ATa Takan Ke 


1000 


Puc. 1. VMutTencusyoctb sBbigeeHua Hg 43 mopomka (/) u ast 
_ KpytHBIX KyCKoB (2) ropHoro xpycTaJIa (B YCJIOBHbIX eHHH- 
Wax), B 3aBHCHMOCTH OT MpOOJKHTeBHOCTH NpoKaJIHBaHHA aoa 
| (aHCNa TocueOBAaTebHEIX ONbITOB) mp 1000°. Onzit Ne 1 — 

“cxoqHoe cocTosHHe; Ne 2 — mopowioK mocie BTopHuHoili 400 
; ruapaTawHH (KpyMHbIe KpHCTaJbI— 6e3 perHypataun); 
' Ne 3— nopomox 6e3 mpezBapuTebHol peruszpatanun; Ne 4— 200 
; MOpowloK MocJle TpeTbeH rHApaTawHu : 
‘ 

Ui Oe ad 4 
N* onvimo8 


10 BeJIM4MHe HaBecKa Toro Ke OOpasila ropHOrO xpycTasIA, OMHAKO B Buse Kpyn- 
HBIX KYCKOB, OOUad NOBePXHOCTb KOTOPbIX Obluia mpuMepHO B 10* pas MeHbILe 
(MOBepxHOCTH TOHKoro mopomka. IlpuH HarpeBaHHH STHX KYCKOB Macc-aHaJIM3 
‘oka3au1 Hammunve He B KomMuecTBe OM3KOM K TOMY, KOTOpoe HaGMOLaocb AA 
‘ToHKoro mopouKa. IIpu BropwuHom HarpeBaHuu (6e3 peruypaTalluv) OnATb 
\ObIIO 3APerHCTPUpOBaHO 3aMeTHOe BbIseseHHe He, XOTA HM B MeHbILeM KOJIH- 
‘yecTBe (puc. 1). 

Takum oOpa3om, CuleqyeT CUHTaTb HECOMHEHHBIM, YTO BO BCX CJly¥aAX BBI- 
Jlenenua He u3 KpucTammmueckux KpemHe3semos (?*) HaOMOMeHHA OTHOCHJIHCh 
K BOJOpoxy OObeMHOTO MpOUCXOx*KeHUA, BbIeeHHe KOTOPOrO He OblJIO CBASAHO 
© THAPOKCHJIBHBIM MOKPOBOM MoBepxHocTH. Bmecte c TEM KaKaa-TO JOJIA HEBbI- 
‘MopaxKuBaemoro roproyero 1ra43a, MO-BUAUMOMy, IIpuHayexkana CO, Tak Kak 
‘MaCC-aHaJIM3 HEH3MCHHO MOKa3bIBaJl MIpHCyTCTBHe B UMCJIe KOMINOHEHTOB Jeruspa- 
Talluu Bcex Oe3 UCKJIOUCHHA KPeMHE3EMOB. 

OcTaBalocb H€BbIACHEHHbIM MpOvMcxoxwKeHHe KUCOpOfa, BbIJeABINeTOCA 
TIpH HarpeBaHuu HEKOTOPEIX OOPa3IlOB KpeMHe3eMOB B OOACTH BbICOKMX TEM- 
nepatyp (*7). Tlockompky u3 HauGonee uuctoro cumukarea K-2, a TaKxKe U3 
MOpowiKa TOpHOrO XpycTasA, IPHTOTOBJeHHBIX B JaOopaTOpHN HM He NosBepraB- 
MIMXCA JONOMHUTeIbHOM OUNCTKe, BbIfeeHHe O2 He MpOMCXOMMJIO, BOSHHKAJO 
MpeMNOMO*KeHHe, UTO STO ABJICHHE BLISBAHO Pa3JIOAKeHHEM Ip HarpeBaHu KaKUX- 
To mpumeceli, H36aBHTLCA OT KOTOPBIX He yaBaJlOcb MyTeM Wave CaMOH THLATeJIb- 
‘HOM O“MCTKH. TakUMH IIpMMeCAMH MOF ObITb OKHCJIbI 2eIEsa Fe2Os u Apyrne, 
MonayaBliMe B MOpOwOK KpucTaIMYeCKOrO KBaplla HW B TEXHUYECKHM CHIMKA- 
eb B Mpotecce HX MpHroToBJeHHA. 

[14 MpoBepku STOFO MpesnoMoKeHUA HaBecKa YMCTOTO CHJMKareJA (K-2), 
‘M3 KOTOpOro BbIeseHue Oz He HaGIO{asocb, Oblla 3arpAaAsHeHa MOrpyxXeHHeM 
'B pacTBop FeCls, a 3aTeM OTMbITa JO HCUCSHOBEHHA PeaKILHH Ha XJIOPHOH. Tlocue- 
Jyroulee Macc-cneKTpaJIbHoe UccIeqOBaHHe JeruipaTavun 3TOH HABECKH NOKasaJio 
BbIemeHHe Os B 3aMeTHBIX KOMYeCTBaX, HayMHas c 800° u BBIllle, T. €. KaK pas 
B oOsacTu 2-ro Makcumyma. NO u He ue Onluiu OOHAapyKeHEI. Tem CaMbIM BbIjlese- 
ve Oo pH HarpeBaHuu KpeMHe3eMOB JO BBICOKOM TeMMepaTypbl NoMyYHO 
OGbACHeHve KaK pe3YJbTaT Pa3O%KeCHHA MPHMeCH OKHCJIOB *Eede3a. 
| Tlposegenupie uccmeqoBaHuaA MOKa3bIBaIOT, YTO TIpH TEPMHYECKOM Pa3sJOKe- 
(HMM TOBEPXHOCTHOTO THApaTa KpeMHesema HUYerO Apyroro, KPOMe BO/bI, HE 
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BbIJeJIA€TCA, T. €. HA MOBEPXHOCTH OOPa3yIoTCA IICHTPbl B SKBHBaJIGEHTHOM KO- 
Si-O (1) wv ast (i) 


amuectBe. Takai MoBepxXHocTb He3aBHCHMO OT TOTO, 3aMbIKalOTCA JIM OOpasyi- | 
IWMecH palHKaJIbl NO CXeMe MIM 2Ke HET, He MOET OOMaLaTb OKMCJMTEJIbHBIME | 
she Sees 
N07 

CBOHCTBaMM, OOHapy2KeHHpIMN panee (°) 21a OOpaslloB CuMKarena, mpoKasen- | 
HbIX Ha Bo3qyxe. C sToli TOUKM 3peCHHA NPHUWHYy NOABJeHUA OKHCJIMTEJIbHBIX, | 
CBOHCTB MIOBepXHOCTH KpeMHe3ema eCCTECTBEHHO ObIJIO HCKATb BO B3aMMOelcTBUH | 
KHCOpOta BOsLyXa C JerHpaTHpOBaHHbIMM y4acTKamu. B cBaA3H C STHM MBI TiO- | 
NbITAIHCb OOHAPYXKUTL OOpasoBaHue AKTHBHBIX (hOpM KHCAOposa pH KOHTAKTe 
aTMocepHOTO BO3yxa C MOBeEPXHOCTbIO KpeMHe3eMa B YCJIOBMAX BBbICOKUX 
TemmepaTyp. ONBIT NpoOBOAMICH CNeMYIOULMM OOpa3s0M: TOK OUHIEHHOTO BOSyxXa 
MponlycKasica yepes oOpasell, HaXOLALIMHCA B KBaplleBOli TpyOKe, NoMeLLeHHOH 
B euM, a 3aTeM Yepe3 pacTBop KJ. Jl cuuKareseH, OOpa6oTaHHEIxX nmapaMu 
HNOs mpu Temnepatype neuu 400—500°, Ha6mtonanocn BbIeseHve J2, u4TO 
MOXHO ObWIO OTHECTH 3a CUCT OKHCJOB a30Ta B COOTBETCTBMH C JaHHBIMH macc- | 
CNEKTPaIbHOTO aHasusa. Jia BCeX BTOPHYHO THApaTHpOBaHHIX OOpasioe, | 
WHCTOrO CHJIMKAareIA M KBaplla BMVIOTh JO Temnepatypbi 900° BEeneHue Je 
M3 pacTBopa KJ ne Obiio o6napyxKexHo. 
O6pa3oBaHHe NOBePpXHOCTH, OOlaaiouleH OKHCJIMTeIbHEIMH CBOMCTBaMH, 
MOTO MPOMCXOZUTb Ip B3aMMOJehcTBUH aTMOCepHOrO KHCIOpOLa c WeHTpamMu 
(II) 4 o6pasosannem yeHTpos (I). Ja Toro 4TOOLI UCKMOUNTS BO3MOXHY1IO X€M- 
CopOuMio KHcOpoya BOsLyxa, Obl TaKxKe MOCTAaBJeHI ONBITEI 10 Jeruypata- 
WWM CHIHKareJIA B YCNOBHAX TlyOoKoroO BakyyMa. CuJIMKarelb IpOKaqHBascAa 
B KBapleBOH AMINYJKe, COeqMHeHHOM CO CTeKAHHOI rpeOeHKoH, K KOTOpOM Oni- | 
1a Mpuladva aMilyJla C MpeqBapHTeIbHO O6esraxKeHHbIM B BAKYYMe PacTBOPOM 
KJ. Tlokanenupiit mpu 700° cunuKarenb nocae OXJIAKJCHHA 3aJIMBaJICA B Ba- | 
KyyMe pacTBopom KJ nytTem pas6uBaHua cTeKAHHOL NlepenOHKH, OTAe/AronleH 
PpacTBOp OT CHJIHKareia. Santi pacrsopom KJ cumuKarenb H3BJIeKaJICA | 
M3 AaMNYAKH, H BEICNUBIIMMCA Jy OTTHTPOBBIBAJICA PaCTBOPOM TunOcCyAbHUTA. | 
Kak oka3asu STH OMBITEI, MOBepxXHOCTS CHJIMKaTela, JerHpaTHpoBaHHOrO B 
BakyyMe, OOaaeT OKMCJIMTebHBIMH CBOLICTBaMH, TaK x%Ke KaK H pH eruy- 
paTauMu ero Ha Bosfyxe. JIA uccMeqOBaHHOrO OOpasia OKMCTeMbHBIe CBOM- | 
CTBa MOBepXHOCTH CocTaBHwIM B CpeqHeM 1 -10-? w9/m?. Takum o6pa30M, OKHC- | 
JMTeJIbBHbIeC CBOHCTBA TOBEpXHOCTH KPeMHE3eMa He CBA3AHbI C xemcop6uHelt KHC- | 
nopoxa. B coorsetcrsuu c yume skpanuposKoli Si4*, Kak yKas3biBasocb B (°), 
Ha MOBCpXHOCTH KPeMHe3eMa JOJKHEI HAaXOMUTBCA ATOMBI kucmopoza. C ston 
TOUKH 3peHuA WexTppl (II) sBasorca neyctoiuneEmn oOpasoBpaHuamu. Kak 
OTMedaIOCb paHee (°), Oonbiiad 4acTb LeHTPOB (I) u (11) 3ampikarotca Mexay I 
co6oH, oOpa3sya Hanps2KeHHBIe yUacTKH CHJIOKCaHOBOH MOBepxHocTH. C Apyroii | 
CTOPOHBI, H3OIMPOBaHHble HeMOIHbIe TeTpasmpEl SiO,1+ (II) Menstor, m0-BuqH- 
MOMY, CBOIO OPHeHTallMi0 TaKMM OOpa3oM, 4TO Ha MOBEpXHOCTH OKa3bIBaloTCA 
ATOMBI KUCOpOLa. ITO NPpHBOLHT K NPOABMeHMIO OKHCAUTENDHLIX CBOHCTB T10-— 


BEPXHOCTHIO AerupaTHpOBaHHOro KpeMHesema, a TakxKe K oOpa30BaHHl0 OObeM-— 
HBIX J,eeKTOB. 


MockoscKHit _rocymapcrBennbiit YHHBepcuter ElocrynHvio 
uM. M. B. Jlomonocospa 8 IX 1960 


UHMTHPOBAHHAS JIMUTEPATYPA 
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Jloxrzann AkaweMuu HaykK cccP 
1961. Tom 136, N 5 


PH3HYECKAA XHMHA 


P. M. BOMTEHKO u 9. M. PACKHHA 


_O HEKOTOPbIX CBOACTBAX NOJIMMEPHDbIX MOJTYMPOBOAHHK OBBIX 
i MATEPHAJIOB 


(Ipedcmaeaexo axademuxom B. A. Kapeutoim 12 IX 1960) 


Y nonysenHEIx 3a MoceqHee BPeMA MO/YMPOBOAHHKOBLIX TMO/IMMEpOB Ha 
OCHOBE TONHAKPHAHUTPHIa H MOMMXJOPBMHHJa SABMCHMOCTb 9JCKTPONPOBOR: 
HOCTH OT TeMMepaTypbl HWMeeT SKCIIO- 
HeHUMAJIbHbIM XapakTep:, 


Breer tin 4(() 


a] 


Sueprua aktuBayuuu AE 3Tux mate- 
pHaJOB JeEKHT B mpenenax oT 1,7 700,18 
9B, B 3€BHCHMOCTH OT XapakTepa 0O- 
paOoTkH MCxogHOrOo momuMmepa (7,7). 


LY 
150 
o O6pa3eyuN*] 
x0bpaseuN2 
100 
a 


0 300°C 


Puc. 4 Puc. 2 
Puc. 1. 3aBHCHMOCTb 3CKTPOMpOBOAHOCTH OT TeMMepaTypb MIA HeEKOTOpHIX OOpasiloB 
NomMakpuinuTpuna. a— oOpasen Ne 1, AE= 0,48 B,6—o6pasen No 2, AE =0,269B, 6 — 
o6pasen Ne 3, AE =0,32 \9B, 2 — oOpasell Ne 4, AE=0,39 938, O—o6pasey Ne 9, 
AE =0,01 9s 
Puc. 2. Sasucumocts gudbepenmuambHoli TepMO-9..c. OT ffremMepatypbl ia Tex 2«e 06- 
pa3sioB NoJIMaKPHAIHUTPHia 

Ecuim MpeanoulomwuTb, Kak 3TO OGLIMHO JIenaeTCA, UTO 6 = enu, The e — 3apA 
_ 3JIEKTPOHA, nm — KOHUeHTpallua HOCHTeleH TOKa, & — MOJBHKHOCTb HOCHTE- 
| ne ToKa, TO TaKad 3ABHCHMOCTb SJIEKTPOMpOBOMHOCTH OT TemMepaTypbl MOKeT 
6ITb BLI3BAHaA HOO DKCIHOHCHUMAIbHbIM POCTOM UHCJIa HOCHTeIeH TOKa f, 
rorma AE saBnaerca WMpMHOM 3anpellleHHOM 30HbI (ecM TIpH paccMOoTpeHHH 
TIOJIYNPOBOAHHKOBEIX MOJIMMepOB MOJIb3OBAaTLCH 30HHOM MOeIbIO), HJIM Ke 9KC- 
TIOHEHIMANbHBIM POCTOM MOABHXKHOCTH HOCHTesIeH TOKa u Genie 


OTBeT Ha MOCTABJICHHEIM BBILMe BOMpOC MOXKeT aTb HCCyIeOBaHve Temmepa- 
TYPHOH 3aBucuMocTH AHdpepeHuuabHOH TepMo-9. A. c. Ecau pocT 9s1eKTpo- 
MpOBOAHOCTH OOYCJIOBJICH YBeJIMYCHHeM KOHICHTPpalWH HOCHTeNeH, TO OH AOU- 
*K€H CONPOBOAMaTheA MaleHuem AudpepeHunabHoH TepMo-9. J. c. 

B 9TOM cylygae, ECM CyIeAOBaTb 30HHOM Teopun, 


Rk} FAE \ 
oe AS sae (2) 

a 
re A — kosPuUMeHT, MOUTH He 3aBHCAMMA OT TemmepaTypEI. Ecau xe KOH- 
WCHTPpallWA HOCHTeJIeH He 3aBHCHT OT TeMMepaTypbI, TepMO-3. A. C. QOJMKHA JO- 
TapH@MWyeckuH pacTH c pocToM TemMepatyppl (°). 

Ha puc. | npuBeenbt TemmepaTypHble 34BHCHMOCTH MpOBOAMMOCTH HeKOTO- 
pix oOpasyoB nomMakpusHuTpuaa. Ha puc. 2 mpHBelenbl TemMnepatypuHble 3a- 
BHCHMOCTH TepMO-9. J. C. STHX 2Ke OOpasuoB*. JIA cpaBHeHuA Ha puc. 2 npH- 
BeeHbI KPHBble TeOPeTH4eCKOli 3aBHCHMOCTH TepMO-9. J. Cc. OT TeMMepaTypHl, 
MOCTPOeHHbI€ Ha OcHOBaHHH dopmyvbI (2) nia AE =0,18 (myHkTupHaa KpH- 
Baa) H AE = 0,51 (wrpux-nyakTupHaa KpuBas). 

H3 pHcyHKOB BHHO, 4TO TepMO-9. J. C. MaJIO MEHACTCA UM BOOOME He Me- 
HAeTCH C TemMMepaTypoii. 

3 storo, m0-BHJMMOMY, MOxXHO CeNaTb BBIBOA, ITO B HCCueLyeMbIx MaTe- 
PHalax TeMIepaTypHad 3aBHCHMOCTb MpOBOAMMOCTH B OCHOBHOM onpellemsetca 
SKCHOHCHUMAJIBHBIM POCTOM MOJBHXKHOCTH HOcHTeeH TOKa Cc TemMepatypoi. 


VuctutyT HepTexumuyeckoro cHHTe3a TloctrynHio 
Akaylemun HayK CCCP 4 VIII 1960 
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* Tina o6pasuos 3, 4 uv 5 cuumanacp HHTerpaulbHad TepMo-9. J. C. Kak sbyHKUHA rpaqueuta 
TemmepaTyp MeTONOM 3apsAKH KoHJeHcaTopa. Ha pucyuke MPHBeAeHE! Tuppepenunasbuble Tep- 
MO-9. Jl. C., MOJyueHHbIe AudpepeniupoBanvem SKCIEPHMEHTAaJIbHOH 3aBHCHMOCTH. 


Jloxxayn Akagemun nayx CCCP 
1961. Tom 136, M5 


PH3SHYECKAA XHMHA 


fl. A. MEMYEHKO u aaen-Koppecnonnent AH CCCP A. B. TYMAHCKHH 


MECOJIOBUJIM3SAUHNA YEFIEBOXOPOAOB U3 PACTBOPOB MblJI 
HA®TEHOBbIX KHCJIOT H JIAYPHHATA KAJINS 


Como6u1M3upoBaHHble CHCTeMbI OOpasyiOTCA Ip MpOMsBOscTBe CMHHTeTHYe- 
CKMX MOMULUX BeMLECTB, WIEMO“UHOM OUHCTKe OTAeJbHbIX PpakUMH HeTu, SMyVIb- 

CHOHHOM MOsMMepv3alHH MOHOMepOB H B JpyrMX OTPaCJIAX MPOMbIILIeHHOCTH. 
_ HegocraTounoe u3yueHHe pa3IHUHbIX (paKTOPOB, BJIMAIONWLHX Ha MpOLecchl co- 
MO6UNN3aLN U ecomoOuMIN3ZalUN, ClepxKuBaeT paspaOoTKy TeOopeTM4eCKHX OC- 
HOB pa3JeuieHNA COMOOHMM3HpOBaHHbIX CHCTeM Ha OTJeJIbHbIe KOMMOHEHTEI H NOY- 
YeHHA B MPOMbILJICHHOCTH YHCTEIX NOBepXHOCTHOAKTHBHBIX BelllecTB. Coso0n- 
WH3aluA U flecomOOuIM3allMA ABMAIOTCA HaMMeHee M3y4eHHLIMH mpoO/lemMamMu 
KONNOHAHOH xuMuH. Mccuejo- 
BaHHIO COJNOOHIM3allHH MOCcBA- 
WleHO HeOosbUIOe KOIMYeCTBO 
pador (1~), a usyueHHe Jeco- 
uoOuJIM3aluu, mMO-BHuMOMy, 
elle He MpOBOLMOC. 

B  mponecce como6unsa- 
IMM YYJIeBoJoposbl pacmoa- 
raioTca B OsleousIbHOH uaCcTH 
munena (1,7). Jlecomo6usmnsa- 
UMA HX BO3MO%KHA MPH paspy- 
IWe€HHH MULeJIAPHbIX CTPyYKTyp F 0208 0G 05 
MW MOHWKeHHH OveO*PpUJIbHbIX Kony, cnupmo6 
CROHCTB PaCTBOPOB MOIOWIMX Be- Puc, 1. BanaAnne sTHMeHTIMKOIA (1) 4 raunepuua (2) 
-mecTs. Yka3aHHoe mpesmomo- Ha ComoGuNusalMio ToMyona B 0,3 M vacreopax Ja- 
*KeHHe MOLTBEPAMOCb Mpu HC- ypuuara Kanus (np 60°), 
CleOBaHHH JecomoOuIH3alHH 
YIJIeBOLOPOAOB U3 BOLHEIX PACTBOPOB MBI HaTeHOBbIX KUCJIOT H MaypunaTa 
Kasua. B KauecTBe Jeco0OMIM3aTOPOB ObIJIH MPMMeHeHbl HH3KOMOVJIeCKYJIAp- 
HbIe KHCNOposcofepxKame opranwyecKHe BellecTBa: aMdaTMueckue CIIMp- 
Tbl, TIMKOAb, TAMMEPHH, tOpMaIMH, alleTOH, WMOKcaH HM Ap. B pactBope, Co- 
[lep2KajeM MbIvia OouIbie KpHTM4eCKOH KOHIeHTpaunH MUI[e1 1006p as0Ba- 
Hua (°), COmOOHIM3HpOBaIH MpefesbHOe KONMYeCTBO yrueBonopowa MO Me- 
TOMUKe, ONHCAHHOM panee (’). SaTem OTMepeHHOe KOMMYECTBO TaKOrO pacTBopa 
nepeHocuu B mpHOop, npHOaBlAIH paccuHTaHHoe KOJIHYeCTBO JecouI0OHIM3a- 
Topa HW HaOmMoLasM BbIedeHHe ComOOUIMSUpOBaHHOrO yrvieBonopowa B BAC OT- 
JleibHOM asbl B rpalyupoBaHHoH TpyOKe MpHMOopa. OKCNepMMeHTAaJIbHbIe AaH- 
Hble MpHBeeHebl Ha puc. 1—4. 

Jlo6aBku BO3PaCcTaIOMIHX KOMUYECTB PIMKONA M PIMWepHHa K 0,3 M pactBopy 
_saypuHaTa HaTpHA CHM2KAaIOT eTO CoJOOM M3 YIOULy!0 CHOcOGHOCTb 10 OTHO- 
‘ teHMIo K TOMyoNy, Mpwuem JecomoOumusupyrollee WeMcTBHe TAMIepuHa 6OJIb- 
qe, uem rauKkonsa (puc. 1). AnucbaTuueckue CIMPTbI OKASBIBAIOT COAKHOC BUIHA- 
Hue Ha COmOOMNZaMIO YrJIeBOLOPpOLOB B pacTBOpaX MOIOUIMX BellecTB ~~ HUS- 
KOMOJIEKYJAPHbIe MOHM2KAIOT, a BbICOKOMOJIEKYJAPHBIC MOBPIMIAIOT como0u1H3a- 
IIM10 TeM OosbINIe, YeM JJIMHHee HX YrvleBOMOpOMHble pawuKaibl. Tak, HanpuMep, 
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MON/MONb 


Konuy. conobunusupobaxvoeo monyona 


10 12 Mon/nump 


M3 puc. 2 BHAHO, 4YTO aMHJIOBbIi HU OyTHJOBbIH CMUPTbl Pe3KO NOBbIMAaOT, a 
STHJIOBLIN HM MeTHJIOBbIM CIMPTbI NOHMKAIOT COMOOMIM3alMIo H-remtTana B O,3 M 
pacTBopax HadbTeHaTa HaTpuaA (Mon. Bec 297). IlponunoBbi cnupT oOaqaer 
He- 


MON/MONb 


alt ; 


ces 
S 


UepeXOJHbIMH CBOHCTBaMH. 
OoubiIHe JOOaBKH Nponakosa 3Ha- 
YHTeJIbHO MOHMKAaIOT COmOOMH- 
3allMi0, HO IIpH cOfep2KaHHu eFo: 


Gonee 15 Mone Ha MOJIb MblWa. 
comoOHJIH3alMA 3aMeTHO BO3pa-- 
ctaeT. AueTOH H J{HOKCaH OKa3a- 
Jucb Ooulee ScPeKTHBHBIMH jleco-° 
JIOOWJIM3aTOpaMH, “eM HH3KOMO- 
JeKYIAPHble aikoroiH. IIpu mpu-- 
OapyieHun K 0,3 M pactBopy Had- 
TeHaTa HaTpHA oOKoOO 3 mou./m 
jWMoKcaHa coum0ON IM3up yioulaa: 
CMOCOOHOCTh ero NOHMKaeTCA T0~ 
uTu B 2,3 pasa (puc. 3). 

BsBuly BaxKHOTO 3HaveHHA Je- 
COMOOMUMMSALMH JIA OUMCTKM Hap 
TeCHOBbIX KHCJIOT OT HEOMBIJIACMBIX. 
lipuMecet Opbluia CHcCTeMaTH4ecKy: 
uccleqoBaHa cHCcTeMa HadTeHaT 
HaTpuxA — relltaH — alleTOH — Bo- 
ia. W3 skcnepHMeHTaJIbHbIX JaH- 
HbIX, IPHBeeHHbIX Ha pHc. 4 BUL- 
HO, 4TO TIpH BO3pacTalomuxX MOOaBKax ayeTOHa comMOOMM3aluA renTanHa B: 
0,3 M pacrsope HapreHaTa HaTpHA (Ma. Bec 334) pe3kO MOHMKaeTCA H 
Np KOHIeHTpalHH alleTOHa OKOO 3,0—3,5 mow/J KpHBaA nepexoguT uepes. 
MHHYMyM. J[ajbHeHilee MOBbILIeHHe KOHNeHTPaluH alleToHa B CHCTeMe yBe- 


BSS 
GG 


& 
S 


SS 
S 


S 
GS 


Konuy. connbususupobanHoeo eenmavo 
: — 
a) 


0 / 2 3 4 ") 6 Mon/nump 


KOHY. Chupma 


Puc. 2, Bausuve anudaTuyeckux CnHpTos Ha Com10- 

OuNMsalluI0 H-rentaHa B 0,1 M pacrBope natbrenata 

HaTpHa: /—x-amunoporo, 2 — A-6yTHJoBoro, 
3 —sTHJoBoro, 4— meTHJoBoro cnupTta 


MON/MODAP 
Q 


S S 
—~ So 


S 
S 


Nonu4 comobunusupobaHHoed monyona 


SS 
CR 


—) 


0 ais 0 + 25 wane 


Kou. deconmbunusamopa 


Puc. 3. Bausaune HoOaBok atetona (/) u 

“AHOKcanHa (2) Ha como6uH3anHIO ToJlyoua 

B0,3M pacrsope HapTenata HaTpusa (Mou. 
Bec 297) npu 40° 


JMdHBaeT Nepexoy reriraHa B oObem pacTBopa. AHanoruunaa 


HOCTbh HaOwloqaiacbh Ha cmecax 
OeHHO pe3koe YMeHbIIeHHe 


40N{MONb 


S 
S 


S 
So 


S&S 
GH 


Kony conwobunugupobaKHoeo 2enmana 


0 1 2 oh 4 
“ony. QyemMoxa 


5 man/nump- 


Puce. 4. Buuaune jo6aBok aletona na co- 
JOOWIN3aHIO Tentaya B 0,3 M PpacTBope 
HapTenaTa HaTpua (Mou. Bec 334) 


3aKOHOMep- 


HaTPHeBbIX MbIJI HadTeHOBLIX KUuCOT. Oco- 
COJMOOHIM3AMH yrieBolopoxa Ha6mosaetca 


MIpH BBeJeHHH B pacTBop Mba 1,5—2,0 mon/n auetona u WuoKcaHa. Oxas3aso0cb, 
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-yTO BbICOKOMOJICKYJIAPHbIe yrleBOLOpOAHble MPHMecn NoHee AecomoOuMsHpy- 
JOTCA B IPHCYTCTBHH JlerKO KHMAMUX yrveBOROposos. 

Ha ocHOBaHHH MOJIYYeHHBIX SKCIEPHMeHTAIbHIX JaHHbIX Oplia paspadota- 
Ha TeXHHKa OTJeIeCHHA YIIeBOMOpOAHEIX MpHMeceli OT paCTBOPOB MbIJI HadTe- 
HOBbIX KHCJIOT MeTONOM JlecomOONIM3alHH, KOTOpaA COCTOMT B CJleyIOLeM: 
TexHuYecKHe HadPTeHOBble KHCJIOTHI, COMepxaMe yrieBOLOpOMHble MpuMech, 
pacTBOpANH B MeTpomeHHom supe, TIpHOaBsANU aWeTOH HW SKBUBAJIeHTHOe KOJIH- 
WeCTBO BOJHOFO pacTBOpa mleNOUH, HEOOXOAMMOe AIA NOyYeHUA MbI HadTe- 
HOBbIX KucNOT. Ilocme omMbINeHHA Ha*TeHOBLIX KHCJIOT CHcTeMa pa3fleneTCA Ha 
ype (ashi C YeTKOM rpaHullelt pasfema: BepXHAA COCTOHT U3 TeTpoueHHOrO 3iu- 
pa H Mepelegmux B Hero HeOMBIJIAeMBIX IIpuMecel, a HH2KHAA — BOAHOALCTOHO- 
_ Bbili paCTBOp MbIJI HadTeHoBbIx KucuOT. JloOaBKH alleTOHa Opasucb C TAKUM pac- 
WeTOM, 4TOOI B KOHI[e OMBIIeCHHA B BOAHOM case cosepxKaHHe ero COCTABVIAJO 
_ oxono 3 Mon/n. YKa3aHHOrO KOMMUeCTBa JecomMOOMIM3aTOpa OcTaTOUHO MWA 
| mpeynpexfenua oOpasoBaHi MUIeNJIAPHBIX CTpyKTyPp C BbICOKHMH OJICO- 
4PUJIbHBIMH CBOMCTBAMM M pe3KOTO CHH*KeHHA COMOOHIH3ALHH YyrIeBOLOpOMoB. 

Vutepecho OTMeTHTb, 4TO LecomoOUMM3aTOPEI ABJIAIOTCA TAaKKE SppPeKTUB- 
HBIMH JMSMYyJIbraTOpaMnH; STO OOeCIeuMBaeT OMHOBPEMEHHOE BbIMeeHHe H3 pac- 
TBOPA MOHOlero BelecTBa B Bue OTe/IbHOH (pasbl C yeTKOH rpakuel paseia 
COJIOOHJIH3HPOBaHHOH VM 3a9MYJIbrHPpOBaHHOM aCTH YyrvieBOLOposos. Y ruleBo- 
opomuad casa pasfeAeTcA pasroHKOH. PerevepHpoBaHHblit neTposleHHEI sbup 
MCHOJIb3YeTCA MOBTOPHO JIA pasOaBJIeHHA CbIPbIX Ha*TeHOBbIX KMCJOT Teper, 
OMBIJICHHeM, 2 BLICOKOKHMAMMe yrieBOMOPOAL, MSBeUeHHbIe U3 HacpTeHOBbIX 
‘KHCJIOT, MOryT ObITb HCMOb3OBaHbI AIA MONYYeHHA KOHCHCTCHTHBIX CMAS3OK, 
‘9MYJIBCOJIOB MK Ha Apyrve HyKEI. M3 BogHoalleTOHOBOrO pacTBOpa HaTpHeBbIe 
“MbIIa HadTeHOBLIX KHCJIOT BHICAIMBaIHCb MPH NOMOMIM KOHIWeHTPHpOBaHHOrO 
pacTBopa efKoro HaTpus. IIpH 9TOM Moy4aOCb MbIJIO C COMepKaHHeM 60—62% 
‘HaTeHOBBIX KUCIOT. Odpasyrominlica «MOLMMBIWIbHbIM IleOK» B BHe BOAHOAaLe- 
-TOHOBOTO pacTBOpa efKOrO HaTPUA MOBTOPHO HCHOMb3OBaIM ANA OMbIICHHA 
‘HOBLIX MOpUMi HadTeHoBbix KuCOT. [lomyuaemble CBeTJIbIe MbIJIa HaTeHOBbIX 
KHCNOT co ca6biIM clleuMdwueckuM 3amaXOM MO?KHO HCHO/JIb3OBaTb B KayecTBe 
-CAMOCTOATEJIbHBIX MOIOMIHX BeULeCTB, IMYJIbraTOpOB, dmoTopeareHToB, 3aryc- 
THTelell M JIA BBe-eHuA B pellenTypy MOroMlHX cpefcTB. BpifeeHHbie pasi1o- 
KCHHEM MBIJI MHHepaJIbHOH KHCIOTOM HaTeHOBble KMCJIOTbI UMEIOT CBETIO-*KEdI- 
Ty!IO OKpacky, C/laOblii 3anmax uM COfepxKaT yreBOMOpOAHbIe TpuMecH B KOVIH- 
-ygectBe 0,6—0,9%. HatbteHoBbie KHCJIOTHI — BbICOKOKaYeCTBEHHbIe NPORYKTHI, 
‘KOTOpble B pxAe ClyuaeB MOryT 3aMeHATS 2KUPbI HM MRKMPHBIC KUCJOTHL. Bce one- 
-PallMM 0 OUMCTKe HaTeHOBHIX KHCJIOT OT YIJIeEBOOPOMHbIX Tipumeceit IpoBoyH- 
JIMCb pu OOLM4HOM Temnepatype u HeOOJbUIOM HarpeBaHUH. Tloka3aHa BO3MOxK- 
‘HOCTh YTHJM3ANMM alleToHa, Merposelinoro scpupa HM MleTOUH, uayuei Ha OT- 
CONKY. QTO MO3BOMAeT CUMTATb, YTO MpesaraemMblH MeTOA OWMCTKH HadTeHOBBbIX 
KHCJOT MYTeM AecomoOUH3allHH yrIeBOAOpOMHbIX Mp yMecell OKaxkKeTcA SpPeKTHB- 
“HEIM H 93KOHOMMUHBIM Ip BHespenuu ero B npakTuxy. Ha mpumepe saypuHata 
<KaJIMA UM HadTeHaTOB HaTPHA MOKA3aHa BOSMOMKHOCTS qecomoOuHu3saluu yrvie- 
BOMOPOMOB U3 PaCTBOPOB MOIOMIMX CpeCTB MPH MOMOLIH HH3KOMOJI€KY JIAP HBIX 
“KMCOpOscoflepxKallux BeLecTB. 
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Vuctutyt o6ulel u HeopranwuecKoH XHMHM Tlocrynuuio 
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Jloxazagn Akagemuu nayx CCCP 
1961. Tom 136, Ni 5 


PHSHYECKAA XHMH A 


P. M. 3AMJEJIb 


OB YCTOMYMBOCTH JETOHALLMOHHDIX BOJIH 
B FA3SOBbIX CMECAX 


(Tpedcmasaeno akademuxom 1. B. 3eavdoeuuem 18 VIII 1960) 


Hicceqopanve ycroiiunpocru JeTonalHoHHoli BoNHBI (4. B.) mpeqcTraBaser 
HHTepec [vid OObACHCHHA CIMHOBOH JeToHauuu. Kak noKka3aHo B (1), B H3,10- 
Me 2. B. UMeeTCA MepecxkaTHe, B OOACTH KOTOporo ropeHHe cmecH ycKopsetca. 
Ha ocuose aTux mpelcraBulenuii B paoore (*) WI 2. B. MOMYYeHEI KayecTBeHHBIE 
KPHTepHH HeYCTOHYHBOCTH, KOTOpasd HMeeT MeCTO TaKxKe M BAH OT TIpedeJ1oB. 
AeToHauHH. IIpu sToM, KaK MOKa3anM OMNBITEI (*), BOSHHKaeT MHOrorouoBEIit 
cCmHH. B JaHHOH paOoTe paccmatTpuBaetca YCTOHYMBOCTD J. B. 10 OTHOMIEHHIO K 
MaJIbIM BO3MYII[@HHAM. 

IlycTs 2. B. pacnpocrpanserca ciipaBa HajleBO, a CHcTeMa OTC¥eTa BbIOpaHa 
Tak, 4TO PPOHT BOMHbI MOKOHTCA HM CoBMaqaeT c mocKocTbIO YOZ 7eKapToBoli 
CHCTEMbl KOOpfuHaT. Ocb OX copmagaeT c HampaB- 
JICHHeM JBYXKEHHA raza (cM. puc. 1). TIpumem, tak 
2Ke Kak B (*), YTO B 30He XHMMU4eCKOrO nHUKa (06- 
JacTb /) BCe BeNMYHHEI ABJsIOTCA TLOCTOAHHBIMH, 
a Ha pacctosuuu L = v,t of tpouta J. B. MrHO- 
BCHHO MIPOMCXOJMT peakUMA, TAK YTO KOHeuHOe co- 
cTOsHMe 2 jlocruraetca cKaykom. B o6macTu 2 Be- 
JIMMHHBI P2, Pg, Uz TaKKe CYMTaeM NOCTOAHHBIMH, 
MOCKOJIbKy C TeYeHHeM BPeMeHH rpayueHTs! BCex 
BeJIH4HH CTAHOBATCA CKOJIb YFOQHO MabiMH. Jaa 
MIPOCTOTHI OYeM CUNTATb, UTO a3 AB/IAeTCA Healb- 
HBIM, a TeMJIOCMKOCTb ero OcTosHHa. [loKa3aTenb 
HSSHTPOMbI 'Y HO peakuwu (B oOnacTax 0 y 1) u 
MOcde PeakuH (OO1acTb 2) paBeH COooTBeTCTBeEHHO Y1 H Yo He yMenpuiaa o6- 
UKHOCTH, MOXKHO CHHTATb, 4TO BO3MYIICHHA 3aBMCAT TObKO OT X50 ete 
COCTaBJIAIOUNLAA CKOPOCTH BOIb ocu OZ paBHa Hyuo. 

PemeHuem suneapH30BaHHBix ypaBHeHuli ruf~poqunamuku B o6nactu / 
OyeT cyMMa cJlaraembix Bua Asexp[i (Rex + Roy — ot)] (s = 1, 2, 3), rae 
ky — 3aaHHoe  BOsHOBOe TUCO, @—HCKOMan coOcTBeHHad uacToTa; 
A; —nocrosHupie; k, = 0/0;; kg u kg Haxonatca w3 ypaBHeHua 


(01k —lo)” — cf (kol+ k2)J= 0. 
AvanoruyHo B o6nactH 2 Bi pewleHve BOlyT cCaaraemple Bua 


B, = exp [i (qsx + koy — wt)] (S23) ene Ae MOCTOAHHBIC; Gy = @/Uo; 
J2 HU qs HaxXOMATCA u3 ypaBHenus 


(Y2q —(0)?;— c3 (ko + q?) = 0. 
B nepecxatol 2. B. (V2<(Cy) B OOnacTu 2 BO3MYyIeHHA MoryT pacmpo- 
* PaHATBCA KaK MO TeyeHHIo rasa (q = Y2), TAK HW MIpOTHB TeueHua (g = qs). 
Saqaya cocrouT B TOM, ¥TOOHI HaHTH TakWe 3HaueHHA ©, ANA KOTOPbIX 
CylkecTByeT HeTPHBHaNbHOe pewlenne MpH YCJIOBHH, 4YTO aMIHTya BOJHBI, 
MpuXxoameH u3 GeckKoHeunocTu K poHTy, paBHa Hymo. IIpu ucceneqoBanun 


YCTOHYMBOCTH J. B. B pexkuMe Uenmana — )Kyre sprmucnenus mo CylecTBy 
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He MeHsiorcd. Takaad MmocTaHoBKa coorsercrByer 3aqaye 0 mpoxoxeHHH 
SBYKOBOM BOJHBI, Nafaiouleli HaBcTpeyy fl. B., pH yCJIOBHH, 4TO amMuMTy za 
NafarouleH 3ByKOBOM BOJIHbI OOpalilaerca B HYJIb. 

Ilyctb &; (y, t) = A, exp [i (Roy — wt)] — cmemenne pouta yaapHoli BOMHEI 
" = 0); &(y, t) = Asexp [i (Roy — wt)] — cmemenne bponta peakuuu (x = L); 


1 H A,—nocrosuuble. Kpaespie ycnoBHa Jin BosMyuleHHi mpu x = 0 


| u x=L nonyuaorca (ananormyHo TOMy, Kak 9TO cgemaHo B (4)) Bappupo- 


BaHHeM ycuIOBHu HeIIP€pbIBHOCTH MOTOKOB MacCbl, HMIlyJIbca, SHEprHH HU Ka- 


| CaTewbHOM KOMMOHEHTHI CKOpocTH. KuHeTuky peakiMu OyqeM XapakTepH30BaTb 


BPe€MeHeM 3aJepxXKKH T, KOTOPOe 3aBHCHT OT atpPeKTUBHBIX 3HAUeCHHii NaBeHUA 


| 4 TeMMlepaTypbl B XHMHYecKOM muKe. Ilycrh mpomecc peakunH B JaHHOt 


YacTHUe ra3a OMHChIBAeTCA YpaBHeHHeM: 
dip/dt = jf (p; T), (1) 


rye P— KOHUeHTpallua OHOH M3 KOMNOHeEHT cMecH. Ecau B HeKOTOpOl 
wacTHle rasa peakKWHA Hauaslacb B MOMeHT ¢, TO 3aKOHYHTCA OHA B MOMEHT 


_¢-+v. Wuterpupya (1), nonyuun: 


t+ 
the — 1 = \ f(p1;T) dt’, (2) 
t 
rye p; HW tb, — KOHUeHTpalluA JaHHOM KOMMOHEHTSI B HCXOAHOM CMecu H mpo- 
AykTax peaKI[MM, COOTBeTCTBeHHO. CuHTaeM, 4TO H pH HamHUuN BOSMYLeHuit 
peakUMA WeT JO KOHIa, Torgqa BapbupoBaHuve p, U tp, RaeT Hymb. Hauie 
MIpHOJIM2KeHHe COCTOHT B TOM, TO B HeBOSMYILCHHOM JBHXKeHUH UCTHHHBIT 
IpoOpWb WaBJeHHA H TeMNepaTypbl MbI 3aMCHAeM NOCTOAHHbIMH 3HayYeHHAMH: 
P=), T =T,. Bmecto (2) Tenepp Oyzer tp. —p, =f (p;7T)t. pu nam- 
YH BO3SMYIIeHHH yculoBHe (2) MpHMeT Buy 
t-+t-+7’ 


Ye—ti= | flee Ti+ Tae’. (3) 


| 3yecb t’—Mavsioe U3MeHeHHe BpeMeHH 3aepxKKH, OOYCOBIeEHHOe BO3MYIIe- 


HHAMM JlaBJIeHHA M TeMIepaTypbl (p, H 7)) B OOacTu J. BBefem oGosHaue- 
Hua: M=dOInf/Olnp; N=Olnf/olnT (mpousBoguple GepyTca mpu p = pi, 
T=T,). Orpanuunpasch ueHamu mepporo mopszKa, us (2) u (3) Haligem 
t+ , 
ve bal =e 
Ee ay) (Mina ae dt’. (4) 


, 


Muterpupopanue no dt’ npon3BoquTcA BAOb TpaeKTOPHH aHHO uacTHULbl. 


B HeBO3MyIeHHOM JBYXKEHHM TpaeKTOpHeli Oblia WMHHA x = v,(t’ —?¢), rage 
¢— MOMeHT TIpOxoKeHuA yacTHueH dpoHTa yapHOH BowHEI. Hanuuve B03- 
MYUeHHHM MCKPHBJIAeT TpaeKTOPHIO YaCTHUbI Ha BeMMYHHY MepBoro MopsKa. 
IIpu BpluncneHHu Tt’ STO MOMpaBKOH MOxKHO TpeHeOpeyb. 3a Bpema oT ¢ JO 


t+t+17’ Bomb ocu OX yacTula mpolyzer nyTb 


t-++t-+7" t+t 
= \ (Oy + vyx) dt! = L + vy" + \ Ogg’, (5) 
i i 
rue Vix — BO3MyLeHHe X-H KOMMOHeHTEI cKopocTu. Ecau peakiua Hayasacb 
B y4acTHlle B MOMeHT ¢ B TOUKe &(¢), TO 3aKOHYMTCH peaKIMH B MOMEHT 
t+t+1 Btoue x=Lt+e(t+1t+i)el+e(¢+7), lpuyemM 3a 9TO 
BpeMA OT CBOerO HaYabHoro MonowKeHua ¢&,(¢) YacTHa mpolizer nyTp J, 


v. e. &,(f)+/=L+e,(¢+1). Mogcrapnaa cioga (4) u (5), 3amnuiem 


‘MCKOMOe yCyIOBHe B BHJe: 
t+t p. T’ ig 
o | (m4 nt) ay — ey) t alt +9) =0. 
; P1 1 


M7 
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Vuterpan 6eperca Boob JMHHH x = 0, (t’ —?). CmelleHHeM 4aCTHI, BYOJIb 
ocu OY B suHeliHOM MpHOuxKeHHM MOxKHO NpeHeOpeyb. 

TloncTraHoBka pellieHHii B KpaeBble YCJIOBHA MpHBOAMT K CHCTeMe 9 mH- | 
HelHHBbIX OMHOPOJHBIX ypaBHeHHl. Ycsopve paBeHCTBa HyJIO OMNpefeuTenA 
3TOH CHCTEMbI MOXKHO 3alCaTb B BUC 


G,D3 oor G3D2 = 0, (6) 
rye BBeJeHbI OOO3HAUeHHA 


om fi +(e) ] +518 + G5) 


2 
B= (u g++) eee a, 
rive 2 
Br ee oe) toh eee 
2 
Boater a 
3 im | 
~ aeitorlt +I + Ut Bae 
Oa \ if oF U2 
+0-a)0-D}(S-9 
R,=e*—1, a,=0,k,—0@, s=2, 3; 


pet We eee QuiN (1 
1 Uo Reser: ji 1G (a —9)| ate 


1 
“01 
Swe Gm erreeral Moree be ie) 
4 : 


Firen (or os) Laer 6b gaa 


he + 4 UB\T vy @ \2 ) | 
og (1 Saale ef 
eer Y2+ 4 
coer ligt eer w= 1M + (11—1)N, 
2 
5 | aayQOVir Viens _ nf W2) _ 3p tVa—Vo 
J Car Del 7 J (Se a=! hep2+ Po’ 


Vo = I/po, Vi = hijehig el boy 1/P2, jf = Po. 


B cyyae, Kora 30Ha peaKUMH Masia MO cpaBHeHHIO C JIMHOM BONHBI § 
BO3MyleHHA (ko <1), nowoxKuB t= 0, BMecto (6) nomyaum 


ca) @O Se 1—afuv s 
poser tor @x-3)i berm bea a7 
Veqe — @ | a Rove / . a 2 Ue ar hog aA (9) 
PaccmaTpuBaad cilyyali O“eHb WMpoOKOl 30HBI peakIHH (koL > 1), 3ame- 
THM, TO Mp OTbICKAaHHH yCJIOBHH, MPHBOAAWIMX K HEYCTOMUYMBOCTH, MBI | 
ee ie Im@>0. pw stom dyxKuyu exp [i (kx + koy — of)] 
exp [i (3x + Roy — wt)] cooTBeTCTBeHHO cnalaioT u BO3PacTaloT SKCIIOHECH- 


I[MaJIbHO C pocToM KoopfuHaTH x. Tlostomy npu kyl Ss 1 umeem 
H |D3s|S>[D,|. Bmecto (6) nonyaaem pan 7. Ree | Rs |[S>| Rel 


eee ee | pe alps (0) | 
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F Ilo coe bopme (9) u (10) copmagaior c xapakTepHcTHueCKHM ypaBHe- 
i HHeM, KOTOpoe NowyuHn C. II. [baxosp (*). Mcnonb3ya ero pe3yapratol, 
_ HalijieM, YTO B ABYX PaCCMOTPeCHHbIX TipeeNbHbIX CyYaAX Jl. B. YCTOMUMBA. 
_ Heycrofunpocth Ke MOXKeT IpOABHTECA MM pH kyL~1, aro, Bupouem, 
_ OUeBHIHO. 

Ilyctb © = 0 npu ky = x. Mono noKa3atTb, 4TO % OyseT BeLeCTBEHHbIM 
pu ycuIOoBHH 
a U2. oF Ve Ve Ve v5 i 4 —vi/ct 
BG!) a>? 24/22 —14(n—1)(2— ) al aa 


(11) 
‘ Ecaw tTemepb B ypaBHeHuu (6) CfemaTb pa3ulomwKeHve 0 CTeneHaM @ U 
’ kj) —%, TO B OKpecTHocTu TouKH ky =x BennuMHa 2 = — iw OyfeT MosO- 
2KHTeJIbHOH. Takum oOpa3o0m, yciopve (11) saBaseTca OCTaTOUHbIM AJIn Toro, 
; YTOObI MepeckaTaH 0. B. Oblia HeycToMuHBa. 

PaccmoTpyHM jl. B. B pexume Uenmana — )Kyre: v2 = Cz. [ia mpocrorpl 
6yeM CUuTaTD 4TO Pp = 0; V1 = %2 = (h+1)/(4—1). Torga ypapHenue (6) 
IIpHMeT Buy 


| 1, (Uy — Us)B + Dy V2R, — 3's; = 0. (12) 
rye 

. B= n— SPE) (Fat 2N) a8, 

®, = w(u,— wv) — 224 (h—ws), 

| W.= (2-1 +2)(qb 42+ 2a )pee thet), 08) 


Pe ee 08" Oko ES Rv, 


U3 =[—wtV(h+1)(h+ w*)I/h 


O6osHauuM uepes F (w) neByio yacTb ypapnenusa (12), Torfa Fi (0) 30; 
F (1) orpannuena. Mp w—>-+ 0c R3S>Ro5>1, Tostomy, ecm 


w>(h+3)(A +1 + VA Dh —1)(h4+2), (14) 


70 F(+00) <0, T. e. ypaBHenue (12) OyqeT HMeTD KOpeHb W > 0. Takum 06- 
pa3om, ycuioBHe (14) aBiaeTcA JocTaTOUHbIM AA HeyCTOH4MBOCTH J. B. B pe- 
»kuMe Uenmana — )Kyre. SameruM, 4TO B IIpHMepe, MpPHBeeHHOM B (7), ycuo- 
Bue (14) npuBomuT K HepaBeucTBy 4,80 > 2,17. Takum o6pa30M, B yKa3aHHOM 
cmyuae J. B. HeycTOHuHBa, 4TO MOATBeEPAMaeT BbIBOREI K. HW. Uleakuua. 

Tina Gonee feTanbHoro vicceqoBaHuaA XapakTepHcTHuecKOrO ypaBHeHHA 
| (6) HEOOXOAUMI UMCeHHbIe MeTOYbI. OTa 3amaua oGjeruaeTcA TeM, 4TO ypaB- 
_ wenue (6) MoxeT OnITb paspellieHO OTHOCHTeJIbHO MapameTpa N (usu M). Tora, 
- W3MeHAA KOMMeKCHOe 4HCIO @ BOb HeEKOTOpOrO KOHTypa, ClenyeT HCKAaTb 
_ Takoe ero 3HaueHHe, npu KoTopom N(@) cTaHeT BelleCTBeHHbIM (OIOXKUTEIb- 

HBIM). 

B 3aksroueHHe MpHHouly OarofqapHOcTb aka. J. Bb. Senbgosuyy 3a mpel- 

jlowKeHHe TeMbI H MOCTOAHHEIM MHTepec K padore. 
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Jloxxanmn AkafemMun nayk CCCP 
1961. Tom 136, Ne 5 


bH3HYECKASA XHMHA 


‘ 


B. H. KPABLIOB u A. ®. EPMOJIOBA 


CTALLHOHAPHBIE MOTEHUMAJIbI WMHKA 
M AMAJIbFAMMPOBAHHOrO LHHKA 
B CYJIb®ATHbIX PACTBOPAX, COJEP)KALMX MEPEMEHHDIE 
KOJIMYECTBA HOHOB LWHKA H BOOPOA 


(IIpedcmaeaexo akademuxom A. H. ®pymckuxeim 20 ‘II 1960) 


BenwunHa 3eKTpOAHOrO MOTeHUMaa, YCTAHaBIMBaraicdA Ha rpanuye 
pasfejla MeTajJI — pacTBOP B OTCYTCTBHe BHEeLIHerO MOIADU3yIOMlerO TOKA, OM- 
PelleAeTCH SEKTPOAHbIMH TIpOWeccaMH, MpOTeKaIOWIMMH Ha paccCMaTpHBaeMoM 
auekTpoge (7,2). A. H. ®pymKuuypm (7) Obi0 NOKasaHO, YTO Ip caMopacTBope- 
Huu (C BbIeseHHeM BOMOPOfa) B KUCJIbIX 9JICKTPOJIHTAX MeTaJJIOB, B 3aBHCHMO- 
CTH OT COOTHOMICHHH CKOpOCTeli 3JIEKTPOAHbIX Mpoweccols, NpOTeKaloulux Ha 
pacTBOpAIONLeMCH MeTasWie, MOryT peasIM3OBaTbCA KaK MIpakKTHYeCKH PaBHOBeCc- 
Hble, TaK HW CYMLeCTBEHHO HepaBHOBecHble MOTeHUMasbI. TH! (HbIMM MpeycTaBu- 
TeIAMH MeTAaJWIOB, PACTBOPAIONIHXCA B KHCJIBIX pacCTBOpaxX IIpH HepaBHOBeCHbIX 
MOTeHUMaslaxX, ABJIAIOTCA 2%Kee30 (*) H HUKeb (*). Mx craywoHapHble NOTeHIIU- 
aJIbl JIMH€EHHO 3aBMCAT OT JOrapHcpMa KOHILEHTPallMH HOHOB BOsOposa B pacTBope 
H He 3aBHCAT OT KOHICHTpallMH OJMOHMeCHHBIX HOHOB. B oTmMuve OT %Kese3a H 
HHKeJIA, TAKHE MeTAaJWIbl, KAK CBHHeL (°) H Kamut (°), pacTBOpsIOTCA B KMCJIbIX 
3JIEKTPOUTAaX IIPH NpakTH4uecKH PaBHOBeCHbIX MOTeHWMasax. Pa3mmave B TI0- 
BeJeCHHH MepeyHCJIeHHbIX MeTAaJJIOB OMpefeAeTCA TEM, UTO B Cayuae camopac- 
TBOPCHHA MeTaJIOB NepBOH TpyNUbl KATOAHbIM Tpollecc MpOTeKaeT B OCHOBHOM 
3a CUeT Pa3spAa HOHOB BOAOposa, a B Clyde MeTaJIJIOB BTOPOH Tpynmbl riaB- 
HbIM OOpa30M 3a CUeT pa3psAa OJHOMMeHHEIX HOHOB MeTauvia (1,?,7). 

B HacTosen paOoTe Ha IpHMepe WHHKOBOFO HM aMaJIbralupOBaHHOroO WHHKO- 
BOrO 3JEKTPOOB Obll H3yYeH CTyYaH, KOra B KaTOAHOM I{polecce y4acTBy1OT 
COH3MepHMble KOJIHMYeECTBA HOHOB BOMOposa HW MeTaa. CormacHo HMerOlMMCcA 
B JIMTepaType aHHbIM (°,°), pacTBopeHHe WHHKa B pacTBopax HeSOa u HCI 
MPOUCXOAMT IPH CyMeCTBeHHO HepaBHOBeCHOM NoTenunae. MoxHO Oblwio mpes- 
movlaraTb, YTO YMCHbINeHHE KOHUEHTPallH KHCJIOTHI HW YBeJIM IeHHe KOHUEHTp aun 
MOHOB IMHKa B paCTBOpe MO3BOJIMT OCYIIECTBHTbh MepeXOl OT HepaBHOBeECHHIX K 
IIpaKkTH¥eCKH PaBHOBeCHbIM MOTeHIWMaIaM WHHKa. B cBa3u C STHM B KayecTBe 
QEKTPOMHTAa UCMOMb3SOBaJICA CyJbaT HATPHA, COJepXKaBUIUH MepeMeHHbIe KO- 
JmuectBa HeSO4 u ZnSOs. CymmMapHasa koHweHtpanua HeSO4 + NaeSO. nos- 
LepxKUBalacbh nocToAHHOH (1N). B KayecTBe MaTepvasia JA 3eKTPOAOB UC- 
NOb3OBaJICH MOJHKPUCTAaJIM4eCKHH WHHK, CosepxKabmuui | -10°*% npumeceii*. 
Comm BaKIbI Nepe€KPHCTAIIMZOBLIBANIHCh M MpOKaJMBaIHCb, KHCOTa HM BOTA 
ABaxkIbl TeperoHaiuch. H3mepenua MpoBoxuiucb B aTMocdepe O4MULeHHOrO 
BOLOposa pH 25°. TloreHunatbl 3IEKTPOLOB, MPHBOAUMBIC 3B CTATbe, OTHECEHET 
K HYJIO BOJOpOLHOM UIKaJIb. 

Ha puc. | npupezentt KpuBple @o’ —lg[ Zn**], xapakrepusyiomjue 3aBH- 
CHMOCTb CTAI\HOHApHOrO MOTeHWMasla WHHKOBOTO 3eKTPOa OT KOHIeHTpaluH 
HOHOB WHHKa B paCTBOpPe IIPH Pa3JIMUHbIX KOHWeHTpanuax H,SO,. Konmen- 
Tpauna [Zn**] Beipaxkena B HOpMawbHocTaAx. Kpuppie Ha pc. 1 nocrpoeHbi 


* 
“ TlopepxnoctTb s1eKTposoB Nepex onbiramu oOpaaTbBalacb HNOs, a 3aTe TIPOMbIBaJIaCb 
BO]OH. 
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Ha OCHOBaHHH CpeAHHX 3HaYeHHH NOTeHWMAOB, HaOmOMaBIUINXCA B pacTBopax, 
TlepeMeIwuHBaBUINXcA BOMOposoM. IlorpemHocTH npH ompeseneHuH NOTeHIMAaOB 
uvwHkKa coctapianmH 0,O—1 mB B cmygae [H,SO,]<10°N u 3—5 MB 
B cayuae [H,SO,] ~ 10°? — 1071 N. V3 pue. 1 BugHo, sto npn [H,SO]= 
= 10*WN B uHTeppane KoHIeHTpaun [Zn**]or 3-10% go 1-1071N mexzy 
Mo HW Ig[Zn**] HaOmomaercA AHHeHHaA 3aBHCHMOCTb, OTBeYalollan ypaBHe- 
HHO Hepucta (kpuBan /). Yrnosol KosppuuNenHT mpsAmowMHeHHOrO y4uacTKa 
KpHBoH J Ha puc. | papeH 29 Mb, T. e€. B Mpemenax norpewiHocTteli coBma- 
flaeT c ‘TeopeTHuecKHM 3HaueHHeM. C yBesIMYeHHeM KHCJIOTHOCTH pacTBopa 


a 


BIE Se 


a 


«= Deen SATE IE EE TNE le a 


Ig[Zn**]—> Lg[Zn**)}— 
Pue. 1. CramnounapHbie nmoTeHui- Puc. 2. CrauwonapHble NoTeHuH- 
aJibl IWHHKa IpH pa3JIHuHbIX KOH- aJIbl aM@JIbraMHpOBaHHCrO WHHKa 
' wentpaunax H2SOs: /— 10-4N; Ip pa3JIHYHbIX KOHILCHTPalHax 
2—5-10-*N; 3— 103° N; 4— - HeSOa: 1 — 10-° N; 2 — 10-7 N; 
10-2 VN; 5— 102N 3 — 10-1 N; 4— 2-107?) N; 5 — 


5:10 N;6—1N 


| KpHBbIe @o’ —lg[Zn**] Bce Gouee pesKO OTKJOHAIOTCH OT MpAMOHHeliHOH 
3aBucumoctTu. B pacteope 0,1 N H,SO,+ 0,9 N Na,SO, noTeHuval WuHKa 
WpakTH¥ecKH He 38aBHCHT OT KOHICHTPpallHH HOHOB WHHKa B pacTBope. 
Vs pwc. 2 BHAHO, ¥TO B culy4yae aMaJIbraMHpOBaHHOTO WHHKa MpsMOJH- 
 HeliHad 3aBHCHMOCTb @)’ — lg [Zn**], orpeyatoulan ypaBHeHuio Hepucra, co- 
XpaHaetcad pw ropaszo Sonmpmiux KoHWeHTpamuax H,SO,, yem B culy4ae 


WHHKa. 
Ta Our at 


5 CralMonapuble NoTeHWMabl ¢, UHHKa H aMaabraMHpOBaHHOrO UWHHKa B pacTBopax, 
: He cogepxapmux Jo6asoK ZnSO, 
| [H,SO,], N 10-4 10-8 10-2 10-1 2-10-4 5-40-4 1,0 
pH 4,85 3,84 2.81 41,74 1,44 0,67 0,36 
o” Zn 0,897} —0,864 | —0,832 | —0,805 — _ —0,774 
0 Zn(Hg) | — | —0;915 | —0,903 | —0,870 | —0,858 | —0,829 | —0,814 
(BOWIbT) 


- 8B Ta6n. 1 pHBeleHbl cpetHHe 3HayeHHs CTalMOHaPHbIX MOTeHUHAJIOB 
Juwuka 1 aMaJIbraMHpOBaHHOrO UWHHKa Pp, HaOJlo_aBlIHxXcA B pacTBOpax 
‘c pasanunpmu pH ps orcyrctBHe AoGaBoK cysbhaTa WHHKa (3/IeKTPOMMTEI 
TlepeMelIHBasIHCb BOJOpOsoM). 

Kpusas g, —pH, nocrpoenHad (Ii WHHKOBOrO S/IeKTpoa Ha OCHOBaHHH 
aHHbIxX Ta6n. 1, HMeeT MPAMOJHHEHHBI yayacTOK C YyIJIOBbIM KoIPuLHeHTOM 


10* 1147 


28 MB, 4TO CormacyeTca c JaHHbimu A. JI. Potuuana, H. I. Menotesa u Jlu 
Yu Coxa (°), NoulyaHBUIMX JIA WMHKa B pacrBopax 0,01—5 NH2SO. 09,/0 pH = 
==25—30 mB. B cryuae amaibramupoBaHHoro WHHKa JIMHeMHbI y4uacToK KpHBOli 
Q, — PH Obit MeHee pesKo BpIpaxKen. 


Yeenuyenwe cTeneHH OTKNOHeHUA KpPHBEIX ~, — lg [Zn**] or ypaBnenua 


Hepucta, HaOsoqaBuleeca ¢ pocToM KuCOTHOCTH pacTBopa (puc. | H 2), cBA- 
3aHO, OUCBUAHO, C yBeJIMYeHHeEM JOM yYACTHA B KATORHOM Mpolecce HOHOB BO- 
nopona. Ip craljMonapHoM noTentmase ~ CKOpocTb KaTOHoro mpouecca pas- 


paa HOHOB BoJopoza OyeT KOMNCHCHPOBATECA PaSHOCThIO MEXKY BeEMUHHAaMH 
ckopocTei aHOAHOrO HM KaTOLHOrO MpoOLeccoB, MpoTeKalolulHx C yYaCTHeM ATOMOB 
WM MOHOB IWMHKa* : 

—aFe RT —, PxFer/RT oF o (RT 


Ep(Hte 0° be — ky [Zn**],¢ (1) 


B ypasuenun (1) [H*], u [Zn**], — konmenTpaiuu nonop Boxopoya u uuHKa 
y NOBePpXHOCTH 9eKTPORa, KOTOPbIe IPH CaMOpacTBOpeHHH, BOOOMe roBops, 
GyyT OTMHYATbCA OT TAKOBBIX 
({H*Jo u [Zn**],) B Tomme pac- 
TBopa. Panu ynpomenua mpn- 
MeM, uTO [H*], =[H*]) 4 [Zn**],= 
= [Zn**]9. Sto ycnosne 6yzer BbI- 
NOJIHATHCA TeM JIyuule, SEM MeHb- 
I€ CKOPOCTb camMopacTeopeHua 
SJIEKTPOJla H YM HHTCHCHBHee me- 
PeMELIMBaeTCA SIEKTPOVJHT. 
CralvoHapHblit noreniuan ®, 
Oyler JeKaTb NoNOKUTeTbHeL 
PaBHOBeCHOrO NOTeHIUMasla Py Ha 
BemuunHy Ap=@— go. Ecam 


-2FAg/RT CKOPOCTb KaTOANOrO Mpouecca pas3- 

— ig(t-e +pH Pa HWOHOB BOfopofxa mpu pas- 

HOBE€CHOM IOTeCHI[Masle Py H KOH- 

Puc. 3. Kpuspre /—3 — yuu, KpuBpie /’ — 3/ — menTpauun [Ht], = 1 o6o3HaunTp 


aMaJIbraMHPOBaHHbI WHHK MpH pa3mHuHDIx KOHI€H- 
Tpauuax ZnSO: I, 1’ — 10-3 NV VO Dien (ar N; yepe3 is TO HOCce NOWCTAaHOBKY 


38, 3’ —1071N B ypaBHeHve (1) 3Hauenna = 
= Q) + Ap nonyuum 
; —aFA@/RT _ . a 
Te [H*],e aFAe/R = ip (ee Seine ES, Ges (2) 


re to — TOK OOMeHa, OTBeYaIOMHi aHHoii KOHUCHTPpallHH HWOHOB ILMHKa 
[Zn**]) B pactBope. Pemnp ypaBHeHHe (2) orHocuTenbHO Ag, losyuuM: 


Ap = a+ k [lg (1 —e-2F ear) 4 yt], (3) 
rye 
Bee EN ye lof iit eee), 
iT E@+R) 8° i oyna (4) 


* 
B ypasuenuu (1), 5 COOTBETCTBHH C pa6oTamm (10), 
IIpeqnonaraerca noctoan 
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MpHHATA HOPMupoBKa a; + fp; = 2. 
CTBO KOSPHUHEHTOB AKTHBHOCTH HOHOB Ht ‘pi-MoTennHata, 


) 


_NOTeHIMasla SJIeKTpowa*, TO TNOsTBepxKaeT yKasaHHoe npepnonoxKenne. 
| AvaJOrM4HbIe H3MepeHHA C MHHKOBBIM 3/IEKTPOJOM ToKa3aJM, 4TO Mepexoy, K 
| Coulee HHTEHCHBHOMY MlepeMeIHBaHHIO CABHTaeT NOTeEHLMad IMHKOBOTO 9eKTpoMa 
3 MOJIOKUTENbHY!IO CTOPOHY Ha BeJIHMYHHEI, WocTurapiime 10 mp (cm. Ta6n. 2). 
_Tlogo6uoe Bausanue nepememnBa- 


“HMA 9/IeKTpomuTa B  cHcTeme Ta6auna 2 


_Zn/ZnSO4 HaOmoxqanu u Apyrue CABUrH MOTeHIHala WMHKOBOrO SeKTpona 
_ aBToppl (11), O6bACHABLUINE ero KOH- Ag,, (MB), Ha6moJaBuivecH no, BaAMAHHeM 
_I€HTpalvOHHOH NOJApHsallueli 10 mepeMeluBaHHa * 

| MOHAaM Bosopona. B cBa3H CO CKa- 
| SAHHBIM BBILNMe SKCHCPHMeCHTaJIbHaAv [ZnSQ,], N 


[H2SO,], N 


\mpoBepka ypaBHeHua (3) mposBo- to-+ |to-* | a-to-*| to-» | 2aue | 10-4 
_WuIacb C YYeTOM CABHTOB IOTeH- 

nana Agn. 10-0 1s 1 8,0. | 9,57 9,0 | 0:5 
V3 puc. 3 BHHO, 4TO 9KcnepH- 10° 1,0 /4,0 | 6,5 | 10,0 | 8,5 | 0,5 
“MeHTAJIBHbI€ JaHHbIe B OCHOBHOM 10-10 14,51 8,0} 9,5.) 5,0 | 0,5 


J XOPOLIO NOATHHAIOTCA yPaBHeHHto * JlanbHefi wee yBeJIHNeHHeE HHTCHCHBHOCTH Tlepeme- 
(3), BBIBeEICHHOMY Ha OCHOB@HHH wusaHua pactBopa He H3MeHAO BeMUNHDI Aga. 
TCOPHH 3aMeJVJICHHOrO pa3psqa. 

YULCCTBEHHBIC OTKJIOHCHHA OT MPAMOJIHHEHHOM 3aBHCHMOCTH HaGuJOaioTcA 
JIHIb B CJlyuae CaMOpacTBOpeHHA WHHKOBOTO 3JIeKTpoga B HanOosee KUC- 
JIOM H3 HCCIeWOBaBIAXxcA seKTpomHTOB (0,1 N HeSO4+0,9 N NazSOs). 
BosMoxkHOH NpHYHHO yka3aHHbIX OTKJIOHeHMH ABUIANacb aKTHBalMA MOBepx- 
HOCTH TBeEPAOTO WHHKOBOrO 3/JIEKTPOa MPH 3HaUHTeJIbHOH CKOPOCTH ero CaMo- 
pacTBopeHud. B nomb3y sToro oObxACHeHHA TOBOPHT OTCYTCTBHe MoZOOHOrTO 
addekTa B Clyuae aMasbraMMpoBaHHOrO IWHHKAa. 

I]pamonuHeiuble yaacTku KpuBerx /—8 na puc. 3, B COOTBETCTBUM C ypaBHe- 
| HveM (3), HMeIOT TIpakTHUeCKH OLMHAKOBbIe yroBbIe KOSPpulNeHTH kR=40 mB**, 
_Ha ocnoBanun ypaBHenua (4) 2.10 WHHKOBOrO SIeKTposa Nomyyaema +B = 
=1,47. Ucnonp3ya 3Hauenve a = 0,5, nosyuenHoe JIA WHHKOBOrO KaTOa B pa- 

Cote (*), monyuaem 8, = 0,97, uTo cormacyetca co 3HayeHuem B, = 0,92, no- 
JIYYeHHBIM B padote (1?) u3 aHOAHIX OCUHIorpamM (b,4 = 64 mB). IIpsampie 1’ — 
3’ Ha puc. 3 uMeIOT yrsoBo Kosddunnent k = 37 mp. 


JlennurpaycKui rocyfapcTBeHHbIii yHuBepcuTerT Toctynuao 
: uM. A. A. )KjaHoBa 9 VII 1960 
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* HeOoubmiHe CABHIH MOTeHI[Hala aMaJIbraMHpOBaHHOrO WHHKa B OTPHlaTebHYy!0 CTOpo- 

Hy, He MpeBpmiaBuie 1—2 mB, oOOyCJIOBIHBaIHCb, MO-BHJHMOMY, HeOOJIbLIHM yBe/IMYeHHeM 

KOHICHTPpalHH HOHOB IHHKa B IIpH3JIEKTPOHOM CJloe. . 

i ** B pactsopax, He Coflep)KaulHX HOHOB IHHKa, Mp NepeMeLWIHBaHHH MarHHTHOH Mella/KOH 
| AIA MeTasAMYeCKOrO WHHKa Obivio MomyyeHo Oo /OpH = 41 ms. 
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Jlokxagp Akagemuu nayx CCCP 
1961. Tom 136, Ne 5 


PHSHYECKAH XHMHA 


A. H. PO3JIOBCKHH 


YTOUHEHHE PEWEHHA YPABHEHUS TEMJIOMNPOBOJHOCTH 
B TJIAMEHH 


(II pedcmaeneno axademuxom A. B. Seavdoeunem 19 VIII 1960) 


Teopua HopMambHoro ropeHua razon A. b. Sempgosuya — JI. A. Opanx- | 
Kamenernkoro (*,”) OMHCbIBaeT OJHOMepHBI Mpolecc pacnpocrpaneHua muia- 
MeHH BOJIb KOOPAUHAThI Xx, XAPAKTepH3yeMbIH Aupy3vel ofHOrO HemocTarorle- | 
rO MCXOAHOrO KOMMOHeHTA HM MoLoOveM Noveli KOHWeCHTpalMu HM TemMepatypHl, | 
ypaBHeHHem } 


y dy | dz + my — 9 (2) =0 (1) | 


pu rpavuanbix ycoBuAx y (0,1) = 0, @ (0,1) = 0. 3necb m — GespasmepHeiit | 
mapaMetTp, [MpOnoplMOHaIbHbIt CKOpocTH ropeHus; z= (Ty—T)/(T»—T,); 
T — Temlepatypa B rlockocTn x; Gespa3mepHad mepemMenHan y ~ dT /dx; un- | 
Keke 6 OTHOCHTCA K BeIMUMHAM, XapaKTepH3yIOULNM NpOkykKTH! Topenua, 0 — 
ucxoqHoe cocTosHHe, p = D(a, T)/O(%, Ty); B — CKOpOCTb peakIlMu; a — 
Oespa3sMepHant KOHWeHTpaluA HeocTawmlero KOMMOHeHTa cMecH B rpaMMax 
Ha | Tr CMeCH; TeIJIO€EMKOCTh HM TeMMONPOBOMHOCTh CMeCH CUMTAaIOTCH MOCTOAH- 
HbIMH. ' 

IIpu pemenuu (1) qonyckaores Be anmpoKCMMalHu, BbIZbIBAaBUIMe HHOra 
COMHCHHA B IIPHM€HHMOCTH TeOpHH IPH MaJIbIX 3HAYCHHAX 9HEPrHH AKTHBALHH. | 
Mx MoxKHO M30exKaTb IPH YHCeEHHOM pemenun (1), OMHaKO STOT CNOCOS He TOMb- 
KO TPpOMO310K, HO M 3aTpyHAeT aHaNH3 KHHeETHYECKHX 34KOHOMepHOCTel pe- - 
aKIMH B IJIaMeHH, KOTOPbI TpeOyer IpOcTOH aHaJIMTH4eCKOH 3aBHCHMOCTH CKO- | 
pocTH ropeHusA OT KMHeTHYeCKHX MapaMmeTpos. | 

OKCHOHCHUMAJIbHBIM XapakTep 3aBHCHMOCTH CKOPOCTH PpeaKUMH OT Temiepa- § 
TYPbI NpPUBOLMT K OOpasoBaHulo OcTporo MaKcuMyma @ mpu T 6M3KOH K T>. 
IIpH HekoTOpoM sHaveHuH z=B< 1 MoxkHO c HeEOOXOAUMOM TOUHOCTHIO CUH- 
TaTh @ ~ 0. STO nosBoONMeT BEIMMCIMTS MpaHHuHble 3HayeHuA . 


Bs 
a ° 1, 


Mmax = [2 \ edv( oe 3) |v H Mmnin = 12) gv | a 


0 0) 


B 


M@KAY KOTOPbIMH HaXOMMTCH 3Ha4eHHe MapameTpa m, Vv — nepeMeHHasd MHTer- 
pupopanua. Gem Menpue 3HayenueB, Tem Y2Ke HHTePBaJl max —Mmin. B mpe- 


Nese 06a 3HayeHUuA CoBMaaioT, a HHTerpHpOBaHHe MOXKHO pacnpocTpaHuTb Ha ff 
BCIO OOJIACTh H3MeHeHUS 2, cunTaA 


m= |2 gdz|”. (2) 


al 
0 


QTO MpHO/IMKeHHOe BbIPakeHHe, C HCNOAb30BaHHeM KOTOpOro CBxA3aHa Tep- 
Bast MOrPemHOCTb, MOMycKaemMaa TeopHeli, SyeT TeM TOUHee, eM BBE 3Ha- 
TeHHe SHepraH akTuBanun A. JIA BbINOTHeHUA HATerpupoBaHUsA (2) skcnoHeH- f 
Ta, BXOIAMAA B BbIPakKeHve Jia D, B RanbHeliuem passaraeTca B pA 10 Me- 


Tony JI. A. Ppanx-Kamenenxoro (8), sto MIpeACTaBAeT BTOPY1O anmpoKcuMallnio. 
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= by EGA mee PE a A I 


Tlpunumaetca, uTO PyHKunA MD uMmeer Bud 
@M = const-ase—A/RF , (3) 


re s—opsAOK peakI\HM M0 Hefocratoulemy KoMMoHeHTy (*). OfHako B KH- 
HeTHYeCKOe ypaBHeHve JlOJWKHa BXOMMTb He Oespa3Mepiiasl KOHIeHTpallnA 
(napiManbHoe JaBseHve), a aOCOMIOTHAA KOHIeHTpalliA pa (p -— MIOTHOCTS) 
JIA yueTa TepMuyecKOrO pacwiMpenus. ITO yTouHeHHe jaeT 


Pes Se 
og) = (24) ae AE gecretaaiedl pe ’ (4) 
re x = A/RT», o = (Tp, — HRT INS 
O6o3uauum 1/(1 —zw0)—1 =p, mp 9ToM 


4 ? 
CA ie ca cate (5) 
ee, 2 Pe Pel yore \ Ea (°) 
18) 


nockompKky o/(1 — @) = (T, —To)/To > 13 *>1. 
Yuntsiwas, uro gE 0 ToubKo npw z<1!, a 3HayunT p<, npyuumaem 


1/(1 + p)? = 1—2p, orkyna 


ad (oe) 
1 : he, Ue aR Dare s 
Mites grrr \ 2) ¢ Pip = — [1 (s+ 1)-+ Tis +2). (7) 
Jina wWesbix s 
1 
aren Shih 2(s +1) 
\ 9 az = atl 7 3 (8) 


0 
YTO BO BCeX CYLULECTBCHHO BaxKHbIX CJYYaAX He OyterT NpUHIWLMNHAJIbHO OTJIU- 
1 


qaTbCA OT HeyTOUHeHHOrTO pelleHHs \ edz = s!/(xo)"™. YrouHenne - ypaB- 
0 

HeHua (3) MO3BONAeT BbINOJHHTh HHTerpHpOBaHHe 6e3 pa3JIOKeHHA SKCTIO- 

HEHTH, YTO B OCHOBHOM yCTpaHaeT OfHY M3 alMpOKCHMalLHH. 


JlanuM oleuKy MorpellHocTH, fomycKaeMoH BbIpaxKeHHeM (2). Bpejem 
ebyHKIHIO yo (Z) > y(Z), OMpemensemyio yCOBUeM 


/2 


Yo a = Plz). oie) = [2\ oa] (9) 


0 


Tlozctasaa B (1) BMecto y (HO He dy/dz) OdmpilytO BeMYHHY Yo, Ha- 
XOMM 

dy/dz > ¢/y, — m = dy,/dz—m= dy,/dz, (10) 

Yr = Yo— mz + Cy, (10°) 


rie C,—MocTosHHaaA UHTerpwpoBaHHs. TIpn z=0, yo=9, T. ©. Cy 0. 

@yuKuua y(z) onpelesseT HWKHIOIO HCKOMYIO PpaHuly BeMUHHI Y. 
Jina onpeyenenun ee BepxHel TpaHHUbl Ye 3ameHsemM B (1) aHasOrMuHbIM 
o6pa30M y Ha yy: 


dy/dz < @/y, — m = dys/dz = 9/(Yo — mz) — mM. (11) 
Ilockombky B 30H€ 3HaUHTeJIbHbIXx cKopoctelt peakunit mz<Kyo, a korga 


STO ycmopne He BbIMOMHAeTCH, WieH @/(yYo — mz) 0, cmpaBexAuBo YCJOBHE 
1/(yo — mz) = 1fyo + mz/y2. ITO NosBomAeT BbIUHCIMTb BepxHee 3Ha¥eHHe 
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7 — BeJMHYHHY Mmax: 


dyz dy m dy Li ran 12 
dz dz = go dz City Ue wee 


HHTerpHpopanue (12) c yyetom ycnopua y2(1) =0* paer 


Mmax = 1 ze ak 1 < ies 
ih @hy a 
1—\-- Fee 1=| F. g (2) zdz 
0 0 zm, 
ea! ~|1/2 iy il 

=| 2 yay j— {2026 (13) . 

0 ° 2\ o(v) av 

0 


Hyxnee sHayeHHe Mmin Haxoxum u3 (10): 


Mmin = Yo (1) = [2 @ (2) dz) 


a 
. 


(14) 


JA OWeHKH NorpeulHoctu dopmysnt (14) onpenenum uueeHHo BeJIMYHHY 


1 
z)zdz 
HuTerpana [= \ eS pW paSyMHbIX 3HaYeHHAX KMHETHUCCKHX Mapa- 


2 o(v) dv 
0 
MeTPOB peaKI\HH B IviaMeHH **. Hcnonbsya ypapHeuua (4) u (5), 3anuuem 
z 20/(1—zw) zw 
SS pita tap ia ie S p—xp 
Oars rae gar | Pe dp. (15) 


SaMeTUM, YTO NorpelliHocTS 3mecb WollycKaeTca He B MOKa3gaTese SKCHOHEIITHI. 
puis. | 


re. nore ¢ zee ——20) ge xo? 2dz 25 sin 16) 
a2 \ [1 — (44 200) e977) (1 a ee Jee eee 
mpH s=2 7 0% e—*/1—02) gy Bf 
2 (1 — 20)? [2/x® — e**? (2/u2 + Qaz/u + w%)] 
dL 
3 
x 2 dz (17) 
2 Ee 2@z 
ioe (ete — 1) _ ote 
TaOauna 4 PesyJ1bTaTbl BbIUHCIeHHIt BeETHUHHDI 
o=t a0. 85 /, MpuBefenupe B tTa6n. 1, noKasbi- 
x a a ime BaloT, YTO B CJlyyae, Kora NOopsyoK 


PeaKUMH NO HeLOcTaIouleMy KOMIIOHeHTY 
He MpeBoOcXoAMT TlepBoro, MpHMeHenue 
A ieee oder aoe neal IPHOM2KeHHOM TeOopHH He CBA3aHO CO 
20 Meri ever So SHAYHTeIbHBIMH OLIMOKaMH BIJIOTbh JO 
*=10+7. Pasnuuwe mminH tmax 

IPH STOM He TpepocxoguT 25%. Takum o6pa3om He ToOmDKO ONHCaHHe 3aBH- 
CHMOCTH CKOPOCTH IlaMeHH OT H3MeHeHHA TemMilepaTypbl ropeHus, aBsenua 
H CocTaBa, HO H BBIYHCIeHHe aOCOMOTHBIX 3HaueHHiL Un, KaK TIpaBHIO, MOXKHO 


* IIpnOnuxenuble pemenusa Y1 HW Y2 AOMKHbI YAOBeETBOPATh rpaHvuHbIM YCJIOBNAM 
yukuun y, 4TO ocymectBasaetca MIpH COOTBETCTBYIOMIeM Non6ope 3sHayeHuA m. 

** Benuuuna J xapaktepuayer sHayenne 2, IPH KOTOPOM MO2KeT MPOHSBOHTbCA «oTpesaHHey 
yHkunu @ Ges cymjectBeHHoit MOrpeniHOcTH AVIA ONpeAeeHHA Mapamerpa m. 
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BbINOAHAT 10 Popmysam npHOsMxKeHHO! Teopun. JIumb mpu s = 2 ona naer 
SaMeTHY!O MOTpellHOocTh yxKe pH x= 10, Hu ANA BHluNCHeHUA abcOmMOTHBIX 
BHAYeHHH WU, 3€Cb ClelyeT IPHMeHATh YHCNeHHOe uuTerpupoBanue. OnnaKo 
$= 2 ocyllecTBAAeTCH#, T0-BHIMMOMY, 4pesBETyaliHo pexKo, HallpHMep B IiJia- 
MeHH paciiafla ruypasuua (4). 

| Tlockonmbky ytouHeHve (8) yMeHbillaeT 3HaveHHe Mmin, a HCTHHHOe 3na- 
leHue M>Mmin, IPHBUMaa m = s!/(xw)s+1, mpl pomycKaem JBe NlOr pelliHOCTH 
@3HbIX 3HAKOB, YaCTHYHO. KOMMeHCHpyloliMe Apyr ppyra. Lua namocrpanny 
jo sTOrO OOcTOATeNECTBa B TaON. 2 conocTaBNeHbI 3HayeHuA m psya 
PeasbHBIX Troprouwx cuctem (JT) = 293°K, s=1), naliqennpie Np TOWHOM 
pellleHHH ypaBHeHus (1) MyTeM uncneHHOrO MHTerpHpoBaHusA, c npHOmMKeH- 
HBIMH 3HAYeCHUAMH fo = s!/(xw)s+1, 

| Ana xnopopogopoyupix cmeceii a/ay = 2/3 (cm. (?)), rae &— orHomenne 
KooppuuneHTa AudpysuH kK TeMMepaTyPONpOBOAHOCTH, KOTOPOe ObIIO BBI- 
HHCIeHO MeTowamu Teopuu (°). M3 tTa6a. 2 cmemyer, ura tbaKTuuecKas m0- 


D 


- 


Ta6naunma 2 


Toproyas cuctema Tp, °K KK all/MOmb x | ra) | My m 
16% CO + 84% BOSyxa 1670 40 PEA ORS25 SO MA15 0,1396 
B.8% CO+20,9% O2+ 
+ 45,3% Ne 2035 40 7,94 0,884 | 0,2013 OFLTAS 
70% Cle+ 30% He 1596 34,6 UP 0,816 | 0,05663 | 0,05561 
N2O (pacnan) 1860 By (0) 14,2 0,842 | 0,1179 0,41150 


‘PelHOCTh MpHOMMAKeHHOM TeOpHH B PaCCMOTPeHHBIX CAydaAX He MpeBocxo- 
mr 17%. Yuer 3aBHCHMOCTH TeINOMpOBOAHOCTH CMeCH OT TeMHepaTypbl TAaK2xKe- 
HECKOJIBKO YMeHbillaeT NOrpelHOcTh pHOmuxeHHOH dopmyapn. IIpu ocy- 
MecTBJIEHHH MOL00HA Novel TeMiMepaTypbl H KOHWeHTpallnu 


| eo pee Fh = 0, - (18) 


‘dx c. dx 


qe A — TensionpoposHocrh, C — TelOeMKOCTb cmecH, fh — TensmoBoH ascbbeKT 


&, T ‘ 
yeaKLUH, H= ear. TloycTaHosKa a _ =n jaer 
0 
’ Bo + up (Hs — H)n —h (Hp — Hy) —- O = 0. (19). 


QTO ypaBHeHHe oTmuyaetca oT (1) (B KOTOPOM @ OMpesemeTcA BbIparKe- 
tHem (4)) Oomee CHAbHOM TemMnepaTypHOM 3aBHCMMOCTbIO CBOOOHOrO UJIeHa,. 
TO SKBHBAJICHTHO YBeIHYeHHIO 2ppeKTHBHOTO 3HayeHHA MapaMmetpa x. 


' Boipaxkato OnarofapHocTb akag. Hl. B. SespyoBuyy 3a WeHHbIe COBETHI. 
; TocyfapcTBeHwHbI Hay4HO-HCCeMOBaTebCKHKi Tlocrymuno 
_ H MPOeKTHBI HHCTHTYT a3OTHOH MpOMbBILJIeHHOCTH 1 VIII 1960 


MH MpOAYKTOB OpraHHyeckoro CHHTe3a 


UMTHPOBAHHAS JIUTEPATYPA 


 19.5B.3enpnn08u4, J. A. Dpanx-Kamenenkulh, KOX, 12, 100 (1938);. 
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1153. 


Joxnayn AkagemMun wayxk CCCP 
1961. Tom 136, Ne 5 


PH3HYECKAH XHMH§ 


A. WU. TYPbAH wu A. WH. WHHMAH 


BJIAAHWE KOHWEHTPAULHMH HW NPHPOJbI WIEJIOUH | 
HA KHCJIOPONHOE MEPEHAMPS)KEHHE HA HHKEJIEBOM AHOJIE 


(ITpedcmaeaeno axademukom A. H. Spymkunoim 19 IX 1960) 


Tlaunpie (1, 2) 0 BaMAHMH KOHWeHTpauuN ujeoun [OH~] Ha KucnopogHos 
mepeHampsxkKeHve 9 Ha TiayKoM Ni-aHoe MpOTHBOpedHBbl H OXBATIBAIOT TOJIb 
KO HH3KHe MIOTHOCTH ToKa i. QSameyaHve B AucKyccHu (*) 06 H3MeHeHHH y 
H3MeHeHHeM TIpuposbl uyemoun: K* << Na*< Li*ne cosepxuT Apyrux noxpod, 
HOCTeH. 

Ycuopua Hamero 9kcinepuMeHTa* aHamorv4aHbl (*), 3a HCKO“eHMeM OTCY 
CTBHA B Haiielt paOore BpaujeHua sulekTpoga (i <1 a/cm*) mu ucnonbsoBaHHs 
Jia Oomee TOUHOTO yueTa OMH 
yecKOrO NakeHHA Hallps2KeHHs 
HeECKOJIbKUX 3JIEKTPOJIHTHYE! 
CKHX kKo4ueH (°), OTBepcTHs 
KOTOPbIX HAaXOJWHCh Ha pas) 
HOM paCCTOAHMH OT MOBepXxHO) 
CTH 9JIe€KTpOwa (rasbBaHnue 
ckuH Ni ua _ Pt-nposposoxe) 
BpiulI0 yCTaHOBJIeHO, 4TO 3aBH! 
CHMOCTb MOTeHWHasa OT 3TOr¢ 
paccTOAHWA mpH t= cons 
npxAMas. ITO OOlergayo SKcTpa; 
MOJIANMIO K HYJIEBOMy paccTos 
HHO. TloqoOHax 3aBMCHMOCTI 
HECKOJIbKO OTIM4AaCb OT pac! 
CMOTpeHHOH B (°). | 

Vccneqopanve  mpoBeyen( 


lgi (a/cm2) — 
SiMe | 


=) = a TIpH 25° B TULaTeIbHO OUMLLeH 

HBX KOH, NaOH u LiOH 

ae 1. Kpuspre 7 ice: i Bp KOH, 1—7,5\M;2— Kpusbie 9 — Ie, COOTBe 
5 OME? <——TomoKes yac.; 3—3,7 M; 4—2,2 M; 

b= ted Mis 5 — Tor axe, 125 ac aeo TO meoes CTA VIOUS YORE AEE oe ae 


adie GORMAN BPpeMeHH NOTeHIMaiaM, CHUMall 
JMCb OT O6buIHX i K MeHBI 
IMM TOocwle 24-yacoBOH aHOZHO! 
NOJAPH3alHH TOKOM t = | a/cm?. B KOHHeHTpHpoBaHHOH menouu (2,5—7,5 M 
3TOrO BpeMeHH JlOcTaTOUHO AIA WOcTHKeHNA y = consi, a B pa30aB/eHHbI! 
pacrsopax (LOH-] < 1M), oco6exHo B KOH, mpu Gonpumx i (~ 1 a/em 
HaOMOascA [abHeluMit pocT 7 BO BpemMeHu (puc. 1). 

Ha kpusix y — lg i B KOH wu NaOH. (puc. | u 2) npu [OH-| = 2,0—9,5 
MMeloTca Tp yuacTKa: J — smHeHHbI nonorMH mpu i = 10->—10-% a/cm? 
I] — xpyro# mpu i = 10-8—107! a/em?; /7/ — nuneiinntti BHoBb TOJIOrHy 
mpw t > 107} a/em?. | 

Takum oOpa3om, HamHune y Ni-aHoga BomHooOpa3Hoi nomapHsalHoHHoO) 
‘KpuBon (*,7-', 15) nonrpepxqaerca TakxKe HCCeLOBaHHeM B UeIOUH pas/IM4HOW 


* B 9KcnepHMentambHoli vacTH pa6oTs TIpHHHMava yuactue JI. ©. Tymuna 
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MPHpPOAbl HW KOHWeHTPAWH, M TOT cakT, 4TO B (”) OblNO 3aMeyeHO TOKO [Ba 
yuacrka J u J], oObaAcHAeTCH MCNOb30BaHHeM B (7) Oonee HH3KHX I. 


_  Cornacuo (7°) Aa pacrBopos KOH wa yuactke / aumuTHpylolulas §cra- 
AMS 


Ni,O3 + 20Hane — 2NiO(Ni,O,) + H,O (1) 
1H60 
20 Hare ae H,O0 ae Oane 
< KMHeETHYECKUM ypaBHeHHeM 
1] = const ++ us ing, (2) 
a Ha yuacrke I/] 
OH” — e-> OHage (3) 
<< KMHeTHYeCKHM ypaBHeHHem (}”) 
ieesonst} Ins —A—* 2T tn [OH] — 4, ——. (4) 


_ Buansnve mpupofel meio Ha 1 B oOmactu i yaactxoB J u J// BusAHO U3 
puc. 1—3; mpx Gompuux [OH-] (2—7,5 M) my pacrer B_ HampaBJeHHH 
K+t< Na*< Li*, uro cormacyercs c (*), anpu Gonee HusKux [OH~] kapTuna 
mensetca: Nat< K*< Lit. To, ; 
uTO XapaKTep BJIMAHMA MIpH- bt 
pOfbl KaTHOHA mLeOUH OfMHa- — 
KOoB Aaa yuacTkoB J u Jl] u 
MIpOTHBoNOOKeH HadmofaB- 08 
miemyca Ha Pt-anoge (**), mox- + 
TBep»kKlaeT MHeHHe (*) 0 HeBO3-  & 
MOXKHOCTH OObACHHTb paccmaT- 6 
| PHBaemblii s*ppeKT TOIbKO BJIHA- 
|| HweM KaTHOHa Ha cCTpoeHHe 
' polinoro anektpuyeckorocsioa. 24 
BeposiTHee Bcero mpeBaJIMpyio- 
mee 3Ha4eHHe uid Ni-aHofa  g|peeek 
_ wMeeT W3MeHeHve KaTasMTH4e-  — =4 -3 a2 di a 
_ CKMX CBOHMCTB MOBep XHOCTH aHO- \gi(a/em 2) — 
) ja 3a cueT BHEApPeHHA B peUlleT- pyc. 2. Kpuspe n—lgi BNaOH. J —9,5 M; 2— 
KY OKHCOB HOHOB Ieto4HorO = 7,5 M; 3 —5,0 M;4—2,5M;5—1,0 M; 6—0,4 M 
merasia (°). 
C W3MeHeHHeM KOHIeCHTpaluM HM NpHpObl KATHOHA ULeJOUN, MPMBOAALLMM K 
pasaMuHomMy JelicTBMIO IIpH BHePpeHHM KATHOHOB B PellleTKy OKMCNOB, jWIMHA 
yaactka [JI (nomHoe noxpsitue NiO» (14)) pacrer B HampaBuienuu Na*< K*< 
= Li* tak wos LiOH sino Jo i = 1-107> a/cm? yxxe HeJIb34h 3a4MeTHTb 
yaactka J (puc. 3). C ymexpuienvem |OH™| u yBeavueHHem BpeMeHH MpedBa- 
pUTeIbHOK nomApusauuu yuactoK /// coKpamlaeTcA MO MOAHOTO vucue3HOBeHHA 
{NaOH, puc. 2) u mossaserca (KOH, LiOH, puc. 1 u 3) Hopplit yuacrox IV, 
KOTOPBIi HaOmofaicd TakxKe B 7,5 M KOH, Ho npu 66mpmux i (’*). 
k S3apucuMocTh AmuHE ysacrka [JJ oT cocTaBa 9/IeKTpOMMTAa, MpHMeHABILIe- 

roca mpv HuKemupoBanun (1), Take OODACHAeTCA, Ha Hall BSAA, pa3JIMuH- 
eM KaTaJIMTHUeCKUX CBOLCTB MOBepXHOCTH aHoga. ABTOpbI (45) O6bACHHIM STOT 
abibeKT W3MeHCHHeM BeHYMHbI UCTHHHOH MOBepXHOCTH, OAHAKO, Kak BHJHO 43 
januerx (5), qa sToro moTpeGoBasocb Obl U3MeHeHHe HCTHHHOM TOBepXHOCTH 
B 10—100 pas, uTo BpxA JIM BO3MOX*KHO. 

B nomsy npennooKeHua O BHepeHHH KaTHOHA UleOUN B peillerKy OKHC- 
| OB TOBOPUT TakxKe HaONOMaBIIMcA Hamu MeIIeHHbIM pocT 1 mpH i = const 
} mocae n06aBKu K pacrsopy KOH Hekotoporo kouMuecTBa LiOH. 

V3 prc. 3 BUZHO, YTO scpPeKT MOBbIMIEHHA 1 B LiOH no cpasHexnuw c NaOH 
una KOH 3Hauutenen TompKompu ld *® <i < 10-2 — 10-1 a/cm”. Orcioga, Kak 
HaM KakKeTcs, culelyeT, TO MpH sapsAye mlemouHOTO aKKyMyvATOpPA TOKOM 
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i >107* a/cm? (KB. CaHTHMeTP HCTHHHOM MOBepXHocrH) BINAHMe N06aBKu LiOH na 
e€MKOCTb AKKYMYJIATOPa JOUKHO ObITb He3HaunTebHbIM. 


=4 =3 =2 =] 0 


Igi(0/on2) —> 
Puc. 3. Kpuppie n—Igi ps LiOH, KOH 
4—5MKOH; 5—5M NaOH 


u NaOH. 
{—5 M LiOH; 2—2,5 M LiOH; 3—0,5 M LiOH; 


3apucumocTtb n oT [OH-} 
mpefctTaBsieHa Ha pue. 4. IIpeyz- 
olaraa, YTO H3MeHeHHe KaTa- 


JIMTHUeCKHX CBOHCTB MOBepXHO- 


CTH aHofa C H3MeHeHHeM KOH- | 
IlGHTpalWH KATHOHA B pacTBope | 
TIpoTeKaeT MejWIeHHO 3a cuer 
MeJICHHOFO MpOXomwAeHHA BTO- | 
PHUHbIX MpoOleccoB H3MeHeHH®a. | 
KOHIeHTpaluH HW CTpyKTypbr | 
OKHCJIOB, JIA BO3MO%KHO Nou- | 
HOTO yCTpaHeHHA STOFO ac:ppekTa 
IIpH H3y4¥eHHH 3aBMCHMOCTH Y— 
[OH~] msi mpuMenusu Opictpoe 
pa30aBJleHHe WeIO4H BOAOH mpH 
i = const 6e3 OTKOUeHHA TOKa. 
Tlepey, HauaJioM STUX H3MepeHuit 
ocTHrasocb 7 = const B KOH- 
Ie@HTPHPOBaHHOM Ule1OUH. 

V3 puc. 4 cnelyeT nomHas 


HesaBucuMocTb 7 or [OH-] B NaOH ua yuacrxax J u II]. Katanaraueckoe 
BIMAHMe HOHA Na* IIpH HH3KHX i, 110-BHMMOMY, TaK HeBeIMKO, YTO 3TOT 2xKe 


BBIBO CilelyeT H M3 KPHBBIX 7 — lg i (puc. 
2 4 4)*. 

B KOH (pue. 4) gaa yaacrxos J u JJ 
3aBMcuMocTb 1 — Igl[OH~] — npamaa c 
YrIOBbIM Koadduuwvertom —0,012--0,015 
(puc. 4), aB LiOH gna yaacrka [JJ — 
yrloBoK KosddunuentT 0,010 (puc. 4). 

Mbl moularaem, 4TO He3sHaUHTeAbHOe 
BiuaHHe [OH-] wa » B KOH uw LiOH 
IeJIMKOM CBA34HO C H3MeHeHHeM KaTauHTH- 
YeCKOH aKTHBHOCTH MOBepXHOCTH aHoa c 
u3MeHeHvem [K+] nau [Li+] nu uton B 
KOH u B LiOH wa yuactxax J wn II] 
He sapucnt or [OH~]. Stu yanHpre B KOH 
AAA yuactka J cornacytotca c (?) nu He 
cormacyrotcs c (4), 

Yruopokt Koadpurvent yn — lg i yuacr- 
Ka I 0,032—0,047 (7,5—0,6 M KOH) u 
0,030—0,031 (9,5—0,4 M NaOH) u uHesa- 
BHCHMOCTh 1 OT [OH™] nogrsepxpaioT 
aie (‘~*) auMUTHpyromly1o cTaguio 


YrnoBoit Koappunnert y —Ig i yuact- 
ka JJ 0,090—0, 130 COOTBETCTBYeT JIHMH- 
Tupyloujen ctaqun (3), a WA o6baACHeHHA 
HesaBucuMoctu 7 oT [OH~] cnegyer mpey- 
TOJIOMKATb 


), = const — Ar In [OH], (5) 


5 é 
095 =x Sr es 
90 paar ere 
Se ne 

O85 
095 | 
Q90 u 
08s * 
080 é 

fais 6 46 
ee 
020 i 
30 6 . 
G25 2: ED ESE 
020 


\glOH”} (mone/n) — 


Puc. 4. Kpuppie 1—Ig [OH-]. a— 
KOH: s—i=41-10-4 a/cm?, 2— 
4-10-4, 3— 1-108; 6 — NaOH: J—i= 
=7-10-5 a/cem?, 2—7.40-4; e— NaOH 
H3  KPHBLIX n—Igi: 1—i=1-40-4 
a/em®, 2— 4-10-4, 3— 4.10-3; e—LiOH: 
1—i=7-10- ajem?: 0—KOH: 7 
i= 0,16 a/em?, 2—0,33,  §'—0)55; 
e—NaOH: 1—i=1—0,35 
2—0,70, 3 = 4,05 


* Tas apyrux pacrsopos u3 KpHBLX 9 — Ig i (pue. 1 n 3) Herbs ChelaTb, Kak 1B (0), 
KaKoro-d1H60 ompejeuleHHOrO BEIBOJa 0 3aBHCHMOCTH n—[OH-]. Tpwanna storo, T10-BHHMOMY, 
B TOM, ¥TO MPH MPOMOJKHTeIbHOM CHATHH KPHBBIX 1] — lg é npoHcxoAHT H3MeHeHHE COCTOAHNS 
NOBEPXHOCTH aHOJa C H3MeHeHHEM KOHUeCHTPalHH KaTHoNA meoun, 


XOTA TeopeTuueckH (17) 9Ta 3aBHCHMOCTb peasIM3yeTCA B clyyae Gomee pas- 
OaBJICEHHLIX PACTBOPOB. BO3MOxKHO, 3/leCb HMeeT MeCTO CHeyMpuyecKkan alcop6- 
' una OH ~-MoHoB, YTO TaKKE JOMKHO CMEINATh ip,-MOTeHIHa B OTPHWLATebHYIO 
_CTOpOoHy. 

_ [IpuHmenumocTb ypaBHeuua (4) Oba TakxKe NOATBepxKeHa WIA MOWHOCTHIO 
_‘8APSKEHHOFO OKMCHOHHKeeBOrO d/JIeKTpOa, HO TIpH ycnoBuH wp = 0, T. e. 
MMeeTCA CYILECTBEHHOe Pa3zsIM4Me B MOBeeHHU JTOFO JIeKTPOa HU UCCe,OBaH- 
HOO HaMH rylaqKoro HHKeJleBoro aHojla. 


JIucuuanckuh usa Tloctynuao 
TocygapcTBeHHoro Hay¥HO-HCCeLOBaTesbCKOrO 16 IX 1960 
H UpOeKTHOrO HHCTHTyTa a30THOH MPpoMbIlllJIeHHOCTH 
MW MposyKTOB opraHuveckoro CHHTe3a 
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Jloxxanp AxkageMun nayr CCCP 
1961. Tom 136, 5 


PH3HYECKAA XHMHA 


Akanemuk A. H. ®PYMKHH, O. A. NMETPHA u H. B. HHUKOJIAEBA-®EJOPOBHY 


KPHBbIE TOK—BPEM&S TIPH BOCCTAHOBJIEHHH AHHOHOB 
HA KATIEJIBHOM JJIEKTPOE 


OnpeseseHve 3aBucuMOcTH ToKa / Ha pacTyulyI0 Kano OT BpemeHu ¢ aBa- 
eTCA YROOHBIM MeTOAOM HCCJeAOBAHHA BMAHMA acopOlmMN Ha KHHeTHKy 9,1e- | 
KTPOAHBIX Mpoueccos. .JJO HacTosiero BpeMeHM Obl H3y4eHEI /—t-KpUBBIE | 
MpOWeCCOB BOCCTAHOBJICHHA, CKOPOCTb KOTOPHIX YMeHbIMIaeTCA NpH afcopounn 
HeHTPaJbHEIX OpraHHYecKHX BelleCTB M OpraHH4eckHx KaTHOHOB (1°)*, Vise | 
BeCTHO, O2HAKO, 4TO CKOPOCTb HEKOTOPbIX peaKWMH pe3sKO BO3pacTaeT pH al- 
copOlwMH KaTHOHOB. Tak, KaTHOHEI TeTpa6yTunamMouuii (TBA), TeTpaamui- 
amMoHHit (TAA), vTerparexcunammounii (TTA) u La’* yBenmuuparior CKOPOCTE. 
BOCCTA@HOBJIeHHA aHHOHOB S,O2” 1 Fe(CN)z- (°,°). YkasaHHble KaTHOHbI AB- 


AAOTCA ScPeKTHBHbIMH B TAKMX MaJIBIX KOHIeHTpanHAx C, TIpH KOTOPBIX UX. | 
KOJMYECTBO Ha NOBEPXHOCTH pacTymleH KallIM onpellensetca pucdysuen (°). | 
Bmecte C TeM, CKOPOCTb BOCCTaHOBJICHHA AHHOHOB Ha MOMHOCTHIO 3aKPbITOH 
OpraHHdecKMMH KaTHOHaMM TIOBepXHOCTH B pAfle ClyuaeB OcTaeTCA HACTOMbKO: 
OONbUIOH, 4TO Mpowecc JIMMUTUpyeTcA udpysueli BOCCTAHABJIMBalouluxCa: 
yacTHI| K NOBePpXHOCTH 9JeKTposa. ! 


Hamu Opiiu usyyennt / — t-KpwBble pH BOCCTaHOBeHHH aHMOHOR S208 
u Fe(CN)§— na KanembHom PTYTHOM 9JIeKTpOwe B MIpHCyTCTBHH KaTHOHOB. 


TBA, TAA, TTA, La®* u npn Boccranopnenun annona PtCl> B IIpHcyTCTBHU 
kaTHoHa TAA. Vsmepenua J — ¢t-Kpupprx mpoBogxnanch ¢ MOMONLBIO OCIA JI- 
slorpauyeckoro nossporpaba LJIA mogenu 01 (*). 3Hauenua noreHtManop. | 
 TIPMBefeHbI B BONbTaX 110 H. K. 9. | 
B pacrsope 10°? N K,S,0O,-+ 5-107 N Na,SO, npu @=—0,55, mnpu 
KOTOPOM Ha / — @-KpHBOH HaOOfaeTca TpelesbHBI TOK au@pysuu Ig, TOK. 
Mponopiwouasen 7. B npucyTcrBuu pa3HUHbIXx KOHMeHTpaunn [(CyHy),N] J 
/ —t-KpuBax Tp 9TOM NoTeHiMane He u3MeHseTCa. IIpu moTrenuuane mu- 
HuMymMa / — g-KpHBoh @ = —1,1 ToK Mponopunonasen 7%, T. e. wMeer 
THCTO KHHETHYeCKy!O TIpHpoky (puc. 1, /). J —¢-kpuppie, usmepeHHbie pH. 
~=—1,1 8B npucyrcrBun pasnMudHEIx KoHUeHTpanuh TBA, mpencrapnenni 
Ha puc. |. M3 sroro pucyHka BUAHO, ¥TO HavaNbHbIe yuacrku / — ¢-KpMBbIX B. | 
upucytcrsun TBA npaktuyeck copmaqair c KpuBoii, TOuyyeHHOH 6e3 jlo- 
Oapku TBA. Jlanee na6mtonaetca pe3koe BOSpacTaHHe TOKa IPH cpaBHUTesb- 
HO HeOOJIbIIOM pocte Bpemenu. ToK yocruraer 3HaYeHHH, TPeBbILaloluux. 
BeIMIHHY MpeqeIbHOrO TOKa Audipysuv, uv, Mpoliaa yepes MaKCHMYyM, HauH- 
HaeT MaflaTb, NpHwOsuxKascb K Jg. Ananoruunpe J — t-KpuBble HaOstomaroTca 
TaKKe IpH BoccraHopsenuu S,O;3 B mpucyTcrBun TAA, TVA. wn Lat") Ha 
puc. 2a mpepcrapnena / — ¢-Kpupas, M3MepeHHan B pacrBope 107% N 
K2S203 + 5-107 N Na,SO, -- 5- 107° N [(CsHi3),N] Br npu p=—1,1, a 


S 

Boakosoii (4) nonyuenn J, é-KPUBbIe B Cilyyae, Kora MpoucXo_UT ycKopeHue BoccTa- 
HOBJICHHA aCOpOMPyIOULHMCA BeLlecTBoM. OmnaKko apPeKT yCKOpeHHaA M3YYeHHBIX e1O peakUHit 
BbIPaxKeH CPaBHHTebHO Cula60. 
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Puc, 2. Ocunauorpammpl / — t-KpHBbIXx 


JLAH, tT. 136, Ne 5, PpymKun, TletpHa u Hukomaepa-PefopoBu4 


Ha puc. 26/—t-Kpupaax B pacrsope 10% NK.S,O, + 2-10? N NaSO, + 
a 5. 1075 N La.(SO,)s3 lip 0) => — 1,45 Bie F 
| Usamepenun / — {-Kpuppix B pacTBope 10°°N K,Fe(CN), moka3piBawr, 
gTo pH @=—0,5 TOK nponopunonanen f¢*, a pH MoTeHIMalaxX MMHH- 
Myma / — @-KpHBOl MpoTeKaeT KHHeTHYecKHH 
TOK, mponopuvonanpHblt f>. Ha ocHopannu 
t-KPHBbIX, H3M€PeHHIX B 9TOM pacTBope 
PM pa3M4IHbIX @ H UCMpaBeHHbIX Ha TOK 
paxkeHHA, Oblia MOCTpoeHa 3aBHCHMCCTb 
MrHOBeHHOTO TOKa Iyru OT P Aa t = 3,3 ceK. 
da nomyyeHHoli TakuM OOpasom / — g-KpH- 
ii wWMeeTca mvocKHH MHHUuMyM. Takum 
OpasoM, IpAMbIle H3MepeHHA NOATBEPAKLaloT 
BIBO, O MopMe KPHBOH  BOCCTAHOBJIEHHH 
HvoHa Fe(CN)é ; cfenaHHblii B paOote (?°). 
mpucytcrpun kaTwonHop TBA, TAA 
TTA pH motenuvasax MMHHMyMa fede 
‘— Q-KpuBo HaGlofjaeTcH Taka Ke 3aBH- — 
SHMOCTb TOKA OT BPeMeHH, KaK H IIPH BOC- Pyc. 1. J —?-KpuBpie mpH BoccTaHo- 
aHopenuu S02. Ha puc. 26 npuBefeHa saenvu S,0g B pacteope 10-°N 
J — t-kpupas, H3MepeHHad B pactBope K;,S,03+ 5-10 N NaSOq pu 
f0-°NK,Fe(CN), + 5- 10-°N[(CyHo)aN]JJupu ® =— 1,18 mpucytetaun [(CaHyN)a]J 
p= — 1,4. Bauanne katuonos La** wa sa- BOS GP ny. as a 
BucuMocTb /—? Ip BOCCTaHOBJICHHH aHHoHa 540-4 N: 6—40-2 N 
Fe(CN)s; ananoruuHo BAMAHMIO OpraHHuec- 
‘kux KaTHoHop u La®” Ha BoccTaHoBJleHue S,O-q(puc. 3). 
| Tlonwaa KonuuectBeHHad Teopua /—t-KPHBbIX [WIA KaMleJIbHOTO IIeKTPOda 
eue He cosqana: PasoOpak cyuali npolecca S/leKTPOBOCCTAHOBJICHHA, CKOPOCTb 
KOTOPOFO JIMHeMHO 3ABHCHT OT CTeNeHH salloJlHe- 
HUA MOBeEpXHOCTH BeleCTBOM, KOTOPOe MOXKET 
Kak 3aMeWIATb, TAK H yCKOpATb peakumio (*). IIpu 
o6baAcHeHuH tbopmbl /—t-KpHBHIX, HaOMOaeMoli Ip 
TOPMOXKeHUM PeaKUMU 3/IeEKTPOBOCCTAHOBeHHA Ka- 
THOHOB, B (*) ceslaH BbIBO O HeOOXOMHMOCTH y4H- 
TbIBATb, MOMUMO 3allOJIHeHHA MOBepXHOCTH, TakxKe 
U BAMAHMe U3MeHeHHA %p,-MOTeHWMana, KOTOpOe, 
corjacHo ypaBHenmo PpyMkuHa i PopHaHoBuYy (7), 
IIpHBOMT K 3KCIOHCHUMAIbHOH 3aBHcHMocTH J OT 
ajcop6vpOBaHHoro = KOJIM4eCTBa. B 93TOM curyyae, 


1cex, ONHaKO, ObIIO paCCMOTPeHO JIMUIb 3aMesJeHHe Mpo- 
ieee yecca HW KOJIMMecTBeHHad TeEOpUA Naa TOMbKO MIA 

Puc. 3. J—#Kpuspe mpu yayanbHoro yuacTKa /—t-KpuBOH. 
Boceranosnenun Fe (CN),~ ® KauecrnenHo HaOlofaeMy!0 3aBHCHMOCTb TOKAa 
pacrsope 10-°N KsFe(CN)s pu BOCCTaHOBJeHHM AHHOHOB, B YaCTHOCTH NOAB- 
ta Las(SO, ae lee jeHue MaKCUMyMOB IJyryx, MPCBbIaloWlMX OOBIMHBIIT 
imax: 1-0; 210-5 N; 3 Mpefesbubiii ToK Audpysuu 10 VUabkoBnyy, MOrxKHO 
2-40 N; 4—3-10- N; 5— OObACHHTb CHeAYIOUINM o6pa30m. B  orcytcrBve 
Di LORNA O=— 10°? Nv KaTamugaTopa (opranMyeckux KaTHOHOB HH La*”) 
pocctaHopieHue S,O; vu Fe (CN)g = mporekaert 


| OUCHb MeMJIEHHO, TAK UTO KOHIEHTPall4A AHHOHOB B OKOJIOIJIEKTPOAHOM CJIO€ B Ha- 
YaJIbHbIi MepHog pocta Kalliu COXpaHAeTCA NpakTHueCKA TOCTOAHHOH HW paBHOH 
| KOHUeHTpatluu 9THX YacTHILBOOBeMe pactBopa. [losToMy KToMy BpeMeHH, Kora 
| Ha TOBepXHOCTH SeKTPOa HakalIMBaeTCA LOCTATOUHOE AIA yCKOpeHuA PeaKUHH 


! * Cam ToKa, HaOsoqaembiii B CaMBIM HavalbHbili NepHos pocTa Kalil Ha MHOPHX OCILMUI- 
) aie 

| MorpamMax pc. 2, 3aBHCHT oT HetpapayeeBCKoro (eMKoCTHOrO) TOKa, MPONOpHOHabHOrO ¢ ** Th 
€xogaulero Ha HeT TIpH pocte ¢, B J —¢ xpuspie puc. | x 3 Obl BHECeHbI HCIpaBJeHHA Ha €M- 
CTHHIH TOK. 
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KOJIMYECTBO KAaTHOHOB, KOHUCHTPallWA @HHOHOB BOJH3H 9u1eKTpoya octTaer 
ele OOuIbINOH. OTO MpHBOLHT K BO3HHKHOBeCHHIO TOKOB BOCCTaHOBJeHH 
MpeBbIUalouIHx 3HayeHHaA Jz. B JlaibHelitiem, OfHakoO, BellecTBO BOnH3 
INEKTPONa PacxofyercH, TOK MafaeT HU, KOrfa KOHILeHTpalua aHHOHOB 
NOBEPXHOCTH MafaeT JO HyJA, OH MpHOmMxKaeTcA K 3HayeHHIO Jy. Tlo-Buy 
MOMY, 3aMeTHOe TIpeBblileHwe Jury Hal 7g MOKeT HaOmOaTECA HUD lip 
YCIOBHH SKCHOHEHIMAaJIbHOH 3aBHCHMOCTH cKOp 
CTH BOCCTaHOBJIGCHHA AHHOHOB OT CTeNeHH 3anonH 
HHA QJIeKTpOa KaTHOHaMH. 
B pa6ote (*) 6pi0 o6Hapy2xeHO, 4TO BAMAHH 


KaTHOHOB La®* wa _ soccraHoBienue S,O3- 1 


Fe (CN); yMeHbilaetes, a pM yoctaTouHO HH3 
KHX 3HaveHHAX KOHIeHTpaluH La**, Hanpume 
1,2-10°° N, copepiwienuo ucuesaer pH CHJIBHO OT 
PHUATeIbHBIX @, H BbICKa3aHO Tpeqnosom*KeHHe 
¥TO IIPHYMHOH STOrO ABAAeTCA YyMeHDbIUeHHe me 
pHofa KallaHuA PTYTHOTO STeKTpOya, B pesysbTa 
Te koToporo La** He ycneBaeT afcopOuposBaTecs 
Ilo / —t¢-KpHBbM, H3MepeHHBIM TIpH BoccTaHoBue 
Hun SO; n Fe(CN)g— B npueytersuu La®* np 
Pa3JIHUHbIX 3HAYeHHAX @*, HaMH Oblua mNocTpoeH 
3aBHCHMOCTb Jyry—@ pH nocrosHHHom ft. Oxa 
cen. 3al0Cb, 4YTO KaTHOHHI La®* npn C = 1,2-1075> N 
YCKOPSAIOT BOCCTAHOBJIEHHe AHHOHOB KaK IIpH Me- 

Puc. 4./—t-«pupsie npu poc- Hee, TaK H TIpH Gomee orpunaTenbHBIX , OWHaKo 
cTaHopenna PiCli~ pB pac- PCKTHBHOCTb HX JelicrBHa B TepBOM cay dae! 
tBope 108 NK 2PtCl, +4-10-3  BbILWe. ITO ABeHHe, 0-BHMMOMY, BbI3BaHO Tem, 


N NasSOg npu_ @=—0,87B8 TO B YKa3aHHbIX YCJIOBHAX H3MePpeHHH KOHIeHT- 
cea ee [CoFas) aN] es ® pawns La** wa nopepxHocru seKTpoya OfMHaKoBa 
2.10-°N; 3—3.10-5 N: 4 UP pasmMuHEIx gu sceKTHBHOCTh UX JelicTBHA 
4-10-° N (onnasorpamma Ha = OJDKHA ObITb BbIMe pH caG6bIx 3apsqax m0- 
puc. 2g); 5—5-10-°N: 6 — BePXHOCTH, Kora KOHielitpanua K* B ABOHHOM 
10-4N; 7—3aBucumoctp Tgott ~=enoe HIDKe. 

MPM BoccTaHoBenuN PtC] 2—; PaHee ObI0 ycTaHoBneHo H3mMepeHHamn J — 


6 — | — t-xpupaa B pacrBope -KpHBBIX (°), uro TAA B MasbIx KOHIeHTDa- 
40-3 N KsS203 + ~ p (°) p i 


+5-10- ® NNaSOq-+ MAX YCKOpseT BoccTaHoBeHHe PtClz npu no-} 
+3-10-§ N [(C5Hj1)N]Br TeHIMaslaxX HHCHafaiouleH BeTBH MNOJIApH3alHOH- 
mpi @= —1,1 HOH KPHBOH, a B OOsbIUHX KOHMeHTpannax 


TOPMOSHT sTOT mpouecc. PesynbraTbt usmepenua / — ¢-KpHBbIx pH 


BoccTaHopseHuu PtCly~ B mpucytcrsua TAA mpegcrapuenst Ha pue. 4. IIpu 
HeOOJIbLINX KOHWeHTpaunax TAA na MOBEPXHOCTH HaOwOfaeTcA ycKOpeHue 
BoccTanopsienusa PtClf” uv nayanbuble yuacrKu J — t-KPHBbIX, NOJYUeHHBIX B 
oTOM Cilydae, HaNOMMHaloT HavaibHble yyacrku J — ¢-KpMBbIX, ONHCaHHbIx 
Bbilwe, OHako, Kora Ha MOBepXHOCTH SJIeKTpOa HakallIHBaeTca JocTaTou- 


HO Oombuloe KonMYecTBo TAA, mponecc BoccraHoBneHus PtCli— sameqaser- 
ca. Conocrapnenne KpuBnix 3 u 8 puc. 4 mokaspipaet, uto TAA ycxopser 


BOCCTaHOBJIeHHe PtCli— 3HauntenbHo cadee, eM BoccTaHoBseHHe S02. | 
IIpHavnp storo 6pm pasoOpanp B (°). Jlna o6bacHenua nomyueHHBIX B- 
HacTOAeH paOotTe JaHHbIx, TlO-BHAHMOMY, HeEOCTaTOUHO HCHOb30BaTb TOJbKO | 
PaSBUTbIe panee TpefcTaBseHud O BAUAHUH OpraHH¥eCKHX KaTHOHOB Ha BOC- 
CTAHOBJICHHe aHHOHOB (5), HO, BeposTHO, HYKHO YUHTHIBATb H 3aKpbl- 
THE MOBEpXHOCTH aycopOupoBaHHBIMH KaTHOH@aMH, Belyllee K TOPMO2KeHHIO 
peakunH. Kora yckopenue Mpouecca KaTHOHaMH BbIPaxKeHO OTHOCHTeJIbHO 
ca60, pH GombWMXx cTrenenax 3anonHeHHs HaCcTylaeT TOPMOXKeHHE peakilHH. 

IIpu onpeyenenupix ycuopusx J — ¢-KpuBble, H3MepseMbie B pasOaBJIeHHBIX 
PacTBopax Mp NoTeHwvasax mayaiomeli XapakTepHcTukH / — @-KpHBOH, HCKa- 
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*KaloTcA KOMeGAHHAMH TOKa. Bnepsbie aBTOKOJeOaHHA TIpH BOCCTaHOBJICHHH 


S,O;- Ha ptyTH 6binu oOHapy2Kenbl (1"). Ha puc. 22 npexcrapnena ]—?-kpuBas, 
nomyyenHant HaMH B pactBope 10% N_ K.S,0O,+3-10° N [(CaHy), N]J 
TIpH HanpsaxKennu Ha suelike U = —1,29 B (ano_--Hg B Tom xe pac- 
TBope). ApToKoneOaHHua HaOmogaiorca tTakxe B 10° N KgFe(CN). mpu 
TOwKMNO“eHHH K Auelike conpoTuBNeHua R = 47 Kom (puc. 2e, U = —0,8B). 
AprokoneOanua B pactBope 10 N K,PtCl, + 3-10°° N [(CyHy,)4N]J npuseze- 
HB ama U = —1,09 Bua puc. 23 nana U = — 1,10 Buapuc. 2x. B pacrsope 
10-3 N K,PtCl, + 5-107§ N[(C,Hy),N]J + 10°? N Na,SO, npu U =— 1,28 yyaer- 
CA HaOmofaTb KOeOaHHA TOKa JIA pa3NHUHbIX MOMECHTOB 2XKH3HH Kall 
(puc. 2u,R = 30 Kom). Ha6mtojenve KoneOaHuli B STOM cilyyae MpesctaBaa- 
er wHTepec TakxKe H NoTOMy, 4TO Ha J —Q@-KpHBOli B HCCMeOBAaHHOM 
pacTBope HMeeTca Majlaiollad XapakTepHcTHKa, HO OTCyTcTByeT NowIAporpadu- 
ueCKHit MaKCHMyM Hepporo pofa. KoneOanua HaOmoqatoTcA pH BoccTaHo- 


BuleHHH aHuoHa CrOf , ama KoToporo / —q@-KpHBast Meer Maatollly!o xa- 
paktepucruky (1%), B pacrBope 10 °N K,CrO, + 3-107° N (C,H,),.NJ npu 
U = — 0,97 B (puc. 22). SaBucHMOCTb YacTOTH! H aMIMHTYAbI aBTOKONeOa- 
HHit OT HalpsxKeHHA B H3yYYeCHHBIX CJlydanX HaXOQHTCH B COOTBETCTBHH C 
pesyibTatamMH paGorsi (11) H, MO-BHAMMOMy, CBA3aHa C Pa3JINUHbIM COCTOS- 
HHEM IIpH9/IeKTPOMHOTO COA B HavaJbHbIli MoMeHT KOJleOaHHii. Popma Kove- 
OaHuit copmafaeT c omucaHHol B (!), xXOTH B HEKOTOPbIX CJlyyaix HaOuJt0- 
JlamHcb Goslee CNO*KHbIe KONeOaHHA (Ha pHc. 22 pescTaBJeHbl HeKOTOpble 43 
KoneOaHuii pc. 23 B yBetHyeHHOM B 16 pas MacuiTabe m0 1). B 
10° N K,S,0,, 10°? N K.PtCl, u 10° N HgCl, 6e3 oOaBpok KoneOaHHA B 
YCNOBHAX, B KOTOPBIX MpOBOLUINCb aHHble HCCeOBaHHA, He HaO mo Lalorcs, 
a MpOUCXOAAT MepeCKOKH TOKa JO 3HaveHHH J Ha HOJIAporpaHyecKOM Mak- 
cumyMe. Ofnako B MepBbIX JByX Cly¥yaAXx IipH nepexowe Ha MaKCHMYM HaOJW0- 
jlaloTCA XapakTepHble 3Hr3arooOpasuHble 3afep2KKH, ONHCAHHbIe B (41) (moKa3a- 
HbI. CTpesKaMH Ha pic. 2m, 10°? N K,S,0O,, U = — 1,1 B) *. H3 mpopegen- 
HbIX OIBITOB CuleylyeT, UTO KOMeOAHNA HCUesAalOT IPH YMCHbIJEHHM COMPOTHBJIeHHA 
B Ile, MOSTOMY B OCHOBHOM acTH paOOTbl H3MepeHHA TIPOH3SBOAMNHCh C 
_ pacrBsopamu, cofepxkaujumu Na,SO, B HeOoJIbINNX KOHMeHTpalHsAx. 


Kacbeapa 3/leKTpoxXHMHH TloctynHsio 
Mockoxsckoro rocyapcTBeHHOrO YHHBepcuTerta 22 XI 1960 
um. M. B. JlomoHocoBa 
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r/ * ToT akT, To KoueOaHHA yume HaGmOsaI0TCA B TIpHCYTCTBHH HeOOJIbLIHX OOaBOK 
_ TBA, cpa3ax, BeposTHo, C BAMAHHeM KaTHOHOB Ha J — @-KpUByIO, B YaCTHOCTH, © TOABJICHAeM 
/ a nef HeOoubuloro ysacTKa mMpesesbHoro ToKa, pa3sAeuIArOULero nosaporpapuyeckHit MaK- 
CHMyM MepBoro pola H Majlalollyio BeTBb I — g-Kpusoili. Bmecte c Tem, KoueOaHHs, KOTOpbIe 
Ha6mogawrces B Ipucytcraun La’+ win HeOoubmHXx (MopAaKa 10-4 N) qo6aBoK NazSOa, Bee xe 
OTMMYAaIOTCA Mo uacToTe H aMMIHTyJe OT KovleOaHHli, MouyualoulAxcA MpH yo6apKkax TBA. 


11 TAH, rT. 136, Ne 5 1161 


Joxrxagp Akagemun nayr CCCP 
1961. Tom 137, Ni 4 


PHSHYECKAA XHMHA 


M. HW. WAXMAPOHOB 


PEJIEEBCKOE PACCEAHHE CBETA H OPHEHTALMOHHAS 
YIOPAROUEHHOCTB MOJIEK YJ 


(IT pedcmaeaeno axademuxom B. B. Hlyaetixuneim 26 X 1960) 


Tlycrb oHopogqHas U30TponHas cuctema coctout u3 N = >) N; (i=1,..., M) 
if 


MOJI€KYyJI H 3aHuMaeT OObeM V. Mngexc i o6o3Ha¥aeT CopT MomeKyw. Torga nH- 
TeCHCHBHOCTh MOHOXpomaTHueckoro cBeTa Ja, paccexHHOrO (AyKTYAaMAMH aHH- 
30TPONMM MO yrvioM § K HalpaBJIeHHIO Maatoulero HeMOJIAPH3OBaHHO"O U3J1y- 
YeHHA, HHTCHCHBHOCTb KOTOpOrO paBHa Jo, MOKeT ObITh BbIpaKeHa (:byHKmMel 


Ie Doers eRe AON 
iad cere (1 cos 0\(4") 2 (Agi) =|» (1) 
re CYMMHpoOBaHHe IIpOW3BOJMTCH MO He3aBHCHMbIM 9JIEMeHTaM O6bemMa 
H “ 
Us ee. > vj =V; Agiin—ayKTy anus onTHYeCKOH AMSeKTPHYeCKoOH TIpOHH- 
J 

WaeMOCTH B 3JIeMeHTe OObeMa vj, OOYCOBMeHHAA i yKTyalUAMu OpHeHTanHH; 
A — [JIMHa BOJIHBI CBeTa; 7 — paccTOAHHe OT WeHTpa pacceuBaioulero oGbema 
o TOUKH HaOmozeHuA. Ilonbsyacb ypaBHeHvem Jlopentuy — Jlopenma, mocae 
pxAa M3BeCTHHIX TpeoOpasoBanuit (1) nowy4uM 


M N; Ni; mM Nj 


M 
n=O! 3 DD (ane + Y 23) YS BanwBawwr|, (2) 


k=y,z (=1 i=] fie Ne Ih 


C= (teens G (SYS ne 


Gkecb Y H Z— eKapTOBb! OCH KOOPAUHAT, XapaKTepHsyloulMe HanpaBreHne 
SJEKTPHYeCKOrO BeKTopa u3syueHUA; Adzp:; A Adze7j7 — KOMMOHEHTHI (plyKTYya- 
IMM AHM3OTPONHOM MOMAPMSyeMOCTH MOJIeKYJIbI j CopTa i UsIM, COOTBETCTBEHHO, 
MOJIeKyJIbl j’ CopTa i’, n — NoKa3aTeb mpesomieHus. 

Ileppax uactb ypaBHeHna (2) BEIPaKaeT BKJIa, OT HeE3aBHCHMBIX OPHeHTAaLuii 
BC€X MOJIEKYJI, BTOPad YaCTb YYMTHIBAET CBASb MEAKAY OPHEHTALHAMH pa3s/IMUHbIX 
Mosiekya ij u i’j’. 

Kak Opisl0 MoKasaHo Hamu pauee (*), croco6 AudbepenuupoBanua ypaBHeHus 
Jlopenty — Jlopenta, mpeqnoxenHpmi Pokapom (°), He BEY_ep»KuBaeT KPHTHKU, 
IIpaBuJbHbiM ABJIAeTCA Cnoco6 AudpepeHunpoBaHnsa, MpUMeHeHHEI panee Ditn- 
mteiHom (*). Tlosromy B ypaBHeHue (2) mMHoxUTenb (n? + 2)/3 BxoquT B 
4-H cTemeHH, a He BO 2-H. 

IlycTb Moseky.ia ij UMeeT IpOH3BO/IbHYy10, HO (UKCHpOBaHHy10 OpHeHnTaluio, 
Pactojox%KHM B MOJIeKyJe CHCTeMy KOOPMHAT TaK, UTOOHI OCH Ez; Ney Sey COBMA- 
Aas C [laBHbIMM MOJIYOCAMH 9SJIIMMCOMLa MOJIApH3yeMOcTH MoJIeKysbI ij. 
Mouekyaa i’j” He umeeT dbukcHpoBaHHoli opHeutanun. Beeqem KOOPAHHAaTHbIe 
oc Evi rj Cr, COBNALAIOMIMe C TIaBHbIMHM MOsyocAMH SAmMNCOMAA NOJIApH- 
SYCMOCTH MOJIeKyJIbI ¢’j’ MW H3MeCHAIOULHE M0JIOXKCHHE B MpOCTpaHcTBe BMECTe C MO- 
nekyJon i’j’, IlpuMensasa meroy pacueta, paspadotrauupiit M, BopHom, P. Tau- 
com M Ap. (cM., Hampumep ('), crp. 238—241), Moxuo nouyauTD culeqyiouee 
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odulee BEIPakenve Wid [q: 


, M 
Ta a “ QN 22 xii ‘i - a ps >) > XjX "Ay iAoi" [3 (x0)? ez 1 - 
t=] PE Gi wah i } 


eed 2 2 2 iy 

4? = Yo [(aez — Ani)? + (dei — Axi)” + (Anz — Aer)” !, (3) 
ie ceva Nis Gis 6 = care, Ni'j’s Citys 

3yech dy; WM Qo:? —TuaBHbIe 3HaueHUA TeH30pa MosApHsyeMocTH MoJIeKyJI ¢ 

u i’ (xo)? — crarucruyeckoe cpeHee KBal[paTa KocuHYyca yrvia MeyKIy OCAMM 


* U6. IIpv xaoTHuecKoM paciipefeseHHM OPHeHTallMH MOWIeKyWJI BCe (x0)? = Ys" 
Torga 
re M 
-\ 2 
IN >) v2 (4) 
tT 
Ta OMHOKOMMOHEHTHOM CHCTeMbI B OOLLeEM Culyaae 
13 1 aw 
lo= ae ON iv + ssh Sellen (xo)? — 1k (5) 
Ke To 


Ypapnenne (5) serko mpeoOpasopaTb K BbIPaxKeHHO, TO/lyueHHOMY Au- 
cesibMom (°). é 


TaOnunua 1 


PemeeBckoe paccesHue HM OpHeHTAaMOHHbIi MOPALOK MOJeKYJI B UMCTHIX 2KUAKOCTAX 


ea Tq 
6 i=) oO a! > = LP 
PKugKocrTb 9| "Dd laa RU cy Soles S = = I S ae is ones 
is) bs! " wy = vy : a yp-HuIO (@, 2)| ¢ 
+o So | ee 3 3 <J 5 (5) ‘ Ass 
Gases 25) 14,5041) 2,01 | 4,02 | 5460 1,114 1,114) 0,733}4 ,00 42,0 | 0,64 0,58 | 0,389 1/, 
GH. Gl 901 1,525 | 2,08 } 4,380 | 4360 1,470 4,240) 0,818]/1,47 60,0 | 1,19 1,16 | 0,82 1/, 
C,H,Br 25|41,557 | 2,20 | 4,86 | 5460 |1,684 4,213] 0,956|1,78 (4) | 62,0 | 1,48 a tee” U,V 1/, 
C,H;NOz 25| 1,554 | 2,16 | 4,70 | 5460 |1,600 4,360] 0,690)3, 14 (13) | 74,5 | 2,90 DSO) cd, Ti 1/, 
GH. CHs 25} 1,494 | 2,00 | 4,00 | 5460 |1,377 4,253] 0,904/4 42 48,0 | 0,79 0,74 | 0,49 1/, 
0-C,H,(CHs)2 | 25) 1,503 | 2,02 | 4,07 | 5460 1,639 1,352) 1005/4 «ot 55,0 | 1,00 0282." 10,55 1/, 
(CHs)sCO 90|4,359 | 1,64 | 2,70 | 4360 }0,70 (°) | 0,684) 0,482/0, 26 25,0} 0,110} 0,110 | 0,098} 1/, 
CS. 25| 4,625 | 2,40 | 5,78 | 5460 -- = — 4,12 62,0) 3,42 4,15* | 2,30 |~1/, 
CHCl, 20) 41,446 | 1,86 | 3,46 | 5460 |0,90 0,67 | 0,67 |0,40 DEON), Ait 0,18 0,13 1 
(C2H;)2O0 25| 1,3500| 1,62 | 2,63 | 5460 |0,807 4,120) 0,673]0,35 (44)] 7,0) 0,049} 0,038 | 0,031) */s 
CH,0H 901 4,330 | 1,60 | 2,55 | 4360)0,400 | 0,256! 0,31410,44 (#) |, 7,3 | 0,021 | 0,085 | 0,079 |<?/; 


* PaccuuTaHO MO JaHHbIM (°) Oo 8? u &. 


Cpapnupad 3HaueHiA J, BbIYHCJICHHbIe TO ypaBHeHUlo (4), ¢ 9kcrepHMeH- 
TAJIbHBIMH 3HAUCHHAMH HW MoOsb3yACb ypaBHeHMAMH (3) HIM (5), MOxKHO MOJIYYHTS 
HHPOpMAILMIO 06 OPHeHTAILHOHHOM MOpAAKE MOJCKY JI. PesyJIbTaTbI TAKUX pacue- 
TOB JIA pala HHLMBU Ly aJIbHbIX *KMAKOCTeH MpHBexeHb! B TAG. 1. 3a eMHUILy 
vsmepenua J, Ha June BOJHbI A Opa BbIOpaHa CYMMapHaw HHTeHCMBHOCTh pe- 
yleeBCKOTO paccesHHUA CBeTa TOM 2Ke JJIMHbI BOJIHDI B GeH30ule mpu 25°. B aTux 


iaeene 
° pte RS 


equHuax [= _ Jina Koobdumuenta paccesHua OeH- 


C,H, 
30a Rc, HaMU BpIOp alin! «BBICOKHe» 3HaveHHA, TomyueHHbIe Kappom u Llum- 
mom (°) 1 pxom Apyr4x aBTopoB mpu yueTe MormpaBky Ha MOKAa3aTe/b TpeJlOM- 
yleHua uM paccenpaioului oObem. [pu 95° 9TH 3HayeHHA paBHbt 48,0-10-° 
(, = 4358 A) u 16,3-10° (A= 5460 A); mpu 20° sHayenua Ao, PaBHbl 
46,8-10-® u 15,7-10-°, cooTBeTCTBeHHO. B ta6a. 1 yKa3aHa AJIMHa BOJIHBI W3u1y- 
YeHHA, JIA KOTOPOM MpousBoANicA pacuer. SuaueHua a, B3ATHI U3 padot Jle- 
despa c corp. (’-*). 3HaveHHA d,, TIPHBOAUMbIC B pa6otax Crioapta 1 PoubkKMaH- 
Ha (cM., Halipumep, (7°)), 10-BHAMMOMy, HeBepHbl (°). Tlompirki BocmoJIb30BaTb- 
ca lia pacuetoB Jq 3THMM 3HadeHHAMH (8) B pale CulydaeB NpHBOLAT K ABHO 
ouMOouHEIM pesyabTatam. B Tada. | npHBeeHbl pesybTaTbl pacueta Jac uc- 
Nob3OBaHHeM «HUSKUX» 3HaueHHH (+) Rc,H, W MPH 3aMeHe MHOKUTCIA [(n® +2)/3}* 


tt 1163 


Ha [(n? + 2)/3]?. Tax Kak B ypapHenun (4) cogepxKatca KBa[paTbl pasHocTeilt 
3HaYeHHH G,, TO BO3MO?KHBI€ OUIMOKU B 3HAYCHHAX A, CHJIbHO BJMAIOT Ha pe- 
3yAbTaTbI pacueTa, 4TO CJleyeT UMeTb B BUY IIpH CpaBHeHUH ombiTa c TeopHelt. 
Ta6a. 1 MoKaspiBaer, 4TO AA BCeX *KMKOCTel, KpoMe MeTHJIOBoro cilupta, 3Ha- 
ueHHA Ja, BbIYMCJeHHbIe To ypaBHenuio (4) c ucnomb30Bannem [(n? + 2)/3]4 
HM BbICOKUX 3HaveHHli Ro,y,, B MpelelaX BOSMOXKHBIX OWIMOOK COBMaaioT CO 3Ha- 
YeHHAMH J/g, PaCCUHMTaHHBIMH TO SKCMepHMeHTAJIbHBIM aHHBIM oO cyMMapHoii 
MHTCHCMBHOCTH HM CTemeHH lellomspHsanuu A pacceasHuoro cpeTa. 

CaleqyeT 3aMeTHTb, YTO Ip pacuete J, MeTMAOBOrO CnMpTa OblwIH, 3a HeHMe- 
HHeM JIYYWIMX, UCMOJIbSOBaHbI 34BeEQOMO HeTOUHbIe 3HayeHNA (2°). OqHaKo, MOx- 


HO AYMaTb, pacxowKeHHe Mexy ypaBHeHwen (4) H ONBITOM B 3TOM Culy4ae O6yc-_ | 


JOBJCHO H€ TOJIbKO HETOUHOCTHIO 3HaYeHHH A,, HO HW OPHeEHTALMOHHOH ynopajo- 
4eHHOCTHIO MovieKky1 CHsOH. Aeron, HUTpoOeH301, x0p6eH3O.1, Opom6eH30.1, 
XOpopopM MH sup MpHO1MWKeHHO CJeLyIOT Teopuu MO/APHEIX J{H9JIEKTPHKOB, 
pasBuTOH OusarepoM, YTO LaBaslO OCHOBaHUe MpekMouaratb OTCYTCTBHe HH Ke 
HESHAYHTEJIbHOCTh OPMECHTANMOHHOTO MopAyKa B THX 2wUAKOCTHX (}?), TaHHpre 
TaO. | ABJISIOTCA HOBbIM, He3aBHCHMBIM OKa3aTebCTBOM 3TOTO yTBepxKeHHA. 

IloqBogx1 HTOr, MbI MOXKeM CKa3aTb, 4TO OAHOPOMHbIe, HSOTPOMHbIe MovleKy- 
MAPHbIe CHCTeMbI (Ta3bI, 7%KHAKOCTH H T. 11.) MOKHO pasleUTh Ha [Be rpynpt: 
a) CHCTeMbI, He HMelOlHe OpHeHTalMoHHO YNOpALOYeHHOCTH MOJIeKyJ, H 6) cH- 
CTEMDI, HMCIOWMe OPMCHTAILMOHHYI0 YHOpAAOveHHOCT MoveKy.. IlpoBeqeHHoe 
HaMH UCCJI€MOBaHHe JaeT BO3MOXKHOCTb YCTaHOBUTbh (pusnueckuli KpuTepuli 
ANA TakOrO NeNeHHA UB pse Cy4aeB BRIACHHTbh XapaKTep OpHeHTAlMOHHOli 


YNOPAROYCHHOCTH MOJIeKyJ MyTem pacueta (xo)? mo AaHHEM oO Iq U Ay. 


Mockosckuit rocyjapcrBeHHbili YHHBepCHTeT Ilocrynuso 
uM. M. B. Jlomonocosa 24 X 1960 
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XHMHYECKAA TEXHOJIO‘HA 


Uacu-Koppecnonyzent AH CCCP H. H. MJIAKCHH, M. A. BEJIAKOB u JI. M1. CTAPUHK 


MIPHMEHEHHE PAXMOJIIOMHHECHEHUAU, BbISBAHHOM 
a-4ACTHUAMH MOJIOHHS-210, AJIS AHAJIM3A PY], VW MHHEPAJIOB 


PaJMOJIOMHHeCLHeHIMA MUHepasioB mpelcTaBser co6oli aBHO H3BeCTHOe 
M XOpOUIO H3y4eHHOe sBeHHe (+). 

PajMOJIOMHHeCHeHUMA MOET ObITh HCMONb30BaHaA JIA aHanusa py u 
MHHepasoB. JIOMHMHECIEHUMA MOM eHCTBHeM PeHTTeHOBCKHX U y-wy4ell Moy- 
YMa MIPOMbILIeHHOe MpHMeHeHHe Ip oOorameHuH ammasoB. LupoKoe pac- 
MpocTpaHeHve JIA aHamu3a py HU MHHepaJOB Momyuyna KaTOMOMMOMMHeECIeH- 
IMA — JOMMHECICHIMA TO JeHCTBHeM 9JICKTPOHOB MaJIbIX 9Hepruii (°). 

I]p UcNOb30BaHHH KATOOJIOMHHECHECHIMM CBeEYeHHe MHHEpaJOB BO3Oy2K]a- 
eTCA KATOJHBIMH JTy4aMH, JIA MOMYYeHUA KOTOPhIX HEOOXOLUM BaKYYM H BbICOKOe 
HalpsxKeHMe. HecMotpax Ha yyauHyIO KOH- 
CTPYKIMIO KaTOMOJIOMHHeECHeCHTHOH yCTaHOB- 
KH, paspaOoTaHHOM HHCTHTyTOM «MexaHoOp» 
(*), e€€ HCHONb30BaHHe B MOJIeEBLIX YCJIOBHAX 
He Bcera yOOHO, TaK KaK OHA UMeeT OOVIb- 
OH Bec HW HyKaeTCA B MCTOUHHKAX IJIEKTPO- 
sHepruv. IIpuH Ucnomb30BaHHH pajsHouio- 
MHHeCHeHUHH JIA aHanu3a py H MHHepasion 
HYKeH JIMIIb PaMOaKTHBHbIM W3OTON, ABJIA- 
1OWMHCA MCTOWHHKOM M31yueHua. B- Hu y-H3- 
JyueHHe Tipu OJMHAKOBOH AKTHBHOCTH H3JY- Puc. 1. YcrTpolicTBo Jd -JIOMH- 
yaTeJiA WaeT 3HAYMTEJIbBHO Oomee cma60e CBe-  HecieHTHOro aHalu3a: / — JepxaTeb 
YeHHe JIKOMHHECICHIIMM, eM mo Bosfelict- %-HcTouHHKa, 2 —caoit — Po-210; 

° 3 —Tapesliouka C MHHepasiamu; 4 — 
BHeM Q-JTyuen. Jyta 

Oco6eHHO JlerKO MIPHMeHHMbIM JIA STHX ; 
ieeH UCTOUHHKOM G-H3J1yYYeHHA ABJIAeTCH i 
nomonwii-210. Po-210 umeer mepHol mosypacnaga. paBHbii 138,35 HA; 
aHeprua a-vanyuenua E = 5,3 Mop; MaKcuMaJIbubIit mpoOer a-yacTHI, B BOSY- 
xe 3,8 cm (1pH HOpMambHBIX ycOBuAX). a-u31y4yeHHe Po-210 He conpoBoxqaer- 
cA W3J1y4eHHem ApyrxX BHAOB, Tak Kak lipH paciasle MoJIOHHA HaOsOWaeTcsH JIMLUIb 
OTHOCHTebHO ca60e y-H3yyeHHe (OHH y-KBaHT Ha KaxKgbie 10° a-4acTHll), 
BCJIeCTBHe Yero OOpamjeHHe C TAKHM UCTOYHHKOM OKa3bIBAeTCA OTHOCHTEJIBHO 
mpoctbim. TlomoHveBble HCTOUHHKH B pesyJibTaTe arperaTHOH OTAAyH 3arpHA3s- 
HAIOT OKpy2Kalomve mpesMerbl. lia ycTpaneHuA 3saTpASHCHHA Po-210 Heo6- 
XOMMMO CJIOi MOMOHHA 3aKPbIBATb 3alLUTHOM MeHKOM HAH POOH Mas TOJI- 
IIMHBI, He MOromaroleli a-H3yseHHe, WIM HaHOCHTb TaKylO IWIe€HKY Ha I10- 
BepXHOCTb NOMOHMeBOrO a-HcTOUHNKa. B 3Tom cu1yyae B pesyJibTAaTe MOTepH SHEp- 
THM G-“aCTHIaMH B IvieHKe MpOHCXOJUT YMeHbuUIeHHe BOSOYKJICHHA JIKOMHHEC- 
WeHIMH, NpousBo_uMon Po-210, Ho sTO He3HayHTeJIbHOe YMEHBUICHHe erKO MO- 
*KeT ObITh KOMM€HCHPOBaHO YBeEIHYCHHeM AKTHBHOCTH NOJOHMEBOTO O-HCTOM- 
HHKa. 

Jia MpoBeyeHua aHaiv3a py H MHHepaJOB C BO30y2KeCHHeM JOMUHeCHeH - 
WWMM a-M3mysenvem Po-210 HyxxKHa O4eHb Npoctad yCTaHOBKa, u300p axKeHHas 
Ha puc. 1. Topomkospie H KycKoBble mpoOpt (40 20 MM) ToMellaioTCA B Tapetou- 

1165 


Ky, ycTaHaBJMBaemMylo N10 a-H3ayuaTenem. JIOMMHeECHeHUMA MHHepaoB HaO- 
jOMaeTCA WIM HemocpescCTBeHHO HeBOOPY2KeHHBIM Tvia30M (B Cay4uae KpyMNHbIx 
MATepHasIOB), HIM Yepes JIYMY COOTBETCTBYION[eEFO YBEIHYCHHA (11 TOHKOMUCTepc- 
HbIX MaTepHavioB). 

Metogquka aHasv3a py H MHHepaJOB C MOMOLLbIO G-JIKOMHHeCLEHTHOH ycTa- 
HOBKM COBeplieHHO Ta xe, 4TO HM JIA KATOMOJIOMHHECICHTHOTO aHawH3a (*). 
Hcnojb30BaHve B YCTaHOBKe BMeCTO JIYMbl (POTOIIEMeHTA MO3BOUIAeT IpOH3BO- 
IMTb KOJIMYECTBEHHBIN AHAIM3 MHHEpaJIOB TaK 2Ke, KAK H B KATOJOJIIOMHHECIeHT- 
HOH ycTaHoBKe (’*). 

IIpu paOote c onucaHHOH BbILIe YCTaHOBKOM HAMM MCHOb30BaICA MOMOHHe- 
BOM HCTOUHHK aKkTHBHOcTHIO 1,8 Cu. [Ip sToM HaOmoLalach JIOMMHeCHeHIHA - 
CIELYIOULUX MMHePaJIOB: KaJIbIMTa, JONOMUTA, (PmOOpuTa, wWeelMTa HU Oepusia 
(WaHHbIe HadsOJeHHH mpHBeleHbI B Tadu. 1). 


alow HM tae 


Muuepat IlBert SpKocTb TlocuecBeyenHe 
Kabir K pacupii Boba VMmeetca 
Jlomomut Ps6uHosplit Ouenb 607bmIaA Vimeetca 
IHeeaur ®uonetoso-cu- | Ouenb Oonpmasn IlpoqomKuTembHoe 

Hu 
D HOOpuT @Muyonrerospli Cna6aa Oueub cula6oe 
Bepnsa Tomy6or Cua6aa Ouenb cs1a60e 


Tlox AelicTBveM G-H31y4eHudA HaGmOJalacb Take MHTeCHCHBHAaA pajuouio - 
MHHeCHeCHUMA AKYTCKUX aJIMa30B, HaCTOJIbKO ApKacA, 4YTO BHAMMAa axe IIpH 
JHeEBHOM cBeTe. J[aHHble HaOOAeCHHA PaMOJIOMMHECHeHUMM AKYTCKUX aJIMa30B 
MpHBeweHbI B TaOu. 2. MHTeHcHBHaA JOMMHECIeCHIIHA AaMa30B NOL WelicrBHeM 
Q-U3JIYYCHHA MO3BOJHT IPHMeHATS ee JIA COPTHPOBKH aJIMa30B BMeCTO Y-H3J1y- 
YeHHA. 


a OMLuay an 


Bec, mr nor ces @Dopma VMuTeHCHBHOCTb [pet 
339 _ — 8+4 | Oxra2ap Bombmax Tony6o0u 

182 ,2 —10-++6 » Cpequaa Cony6or 

DEKE) — 8+4 » Ouenb Ooubiaa Mowouno-rony- 
S550 bol 

272,6 — 8+4 » Boabiasa SemeHoBaTHit 


J(u CpaBHeHU JOMHMHECHeHIMH, NpOusBeyeHHOH ucTOUHHKaMU B- u a-H3- 
JyueHHA OJMHAKOBOM AKTHBHOCTH, HaMU Oblul MCNOb30BaH p-u31y"aTeIb M3 
rasiMA-204 akTuBHocthio B 70 mCu (T’?= 2,71 roqa, MakcuMapHaa 9HeprHua 
P-WacTvit A sec O17 Mg3B). 

Ci1a6aa JOMMHeCIeHIMA, BbIsBAHHad T1-204, HaOmoyanacb aMUIb B asMa- 
sax Wf IleeJIMTe, B TO BPeMA Kak JIOMMHECIEHIHA aJIMa30B, BOsO6yxKaemMaa M0- 
JIOHHEBBIM O.-HCTOUHHKOM B 70 MCu, Oblla s3ameTHa JaxKe IIpH JHEBHOM CBeTe. 
CpaBHeHve JOMMHecHeHIANH, IIpOH3BefeHHOe Ha B- H a-McTOUHHKaX OMMHAKOBOL 
aKTHBHOCTH, MOK@3bIBAeT, UTO HHTCHCHBHOCb JIOMMHeECHeHIMH, BO3OyxK],aemMoli 
G-daCTHIAMH, TOpa3O BbIIe, YeEM HHTCHCHBHOCTb JIOMHHeCIeCHUMM, BbI3BaHHOI 
B- 4, eCTeCTBeHHO, Y-H3.1y4eHHeM. Ilostomy B ycrpoiicrBax, Ucnoub3y10lMXx H3J1y- 
TeHWe PalHOAaKTHBHBIX MCTOUHHKOB JIA BOSOYKCHUA JIOMMHeCHeHIMH (Hampu- 
Mep, asIMa30pa3O0pka), wy4Ie BCerO NPHMeHATS a-HcTOUHHKM. Tak Kak aA 
BOZOYKJCHHA JOMHHeCHeHILMH HYKHbI BbICOKHe AKTHBHOCTH M3uyuaTesei, To 
UPHMCHCHHEe O-H3/IY4eHAA, HMeIONerO Masyto IIPOHMKAIollly1O CMOCOOHOCT, 3Ha- 
WHTCIbHO yipouaer 9TH ycrpoilicra. 
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[lpu npuMeHeHuM a-3iyuaTeNA AA IJMOMHHECIEHTHOTO aHaJIM3a G-HCTOU- 


UK MOKeT ObITb HCHOMb3OBAH MIA ONpeweJIeHHA IIEMCHTOB [10 AMePHbIM pedaK- 


IHAM, HLYUIMM Ha G-uacTMyax, kKaK HaMH 60 onucaHo pauee (4,5). 


Uucraryr ropHoro esa Tlocrynusio 
Axagemuu Hayk CCCP Waje Oils SASlole 


LMTMPOBAHHASA JIATEPATYPA 


1K. mu6pam, Oxkpacka 4 JIOMHHeCIEHIIHA MHHEpaioB, LE, 4909; Oe Koo- 
mMospekuii, O. H. JIoxuHuHKOBA, JIOMMHECICHTHBIM aHalv3 MpH U3yueHHu pyA 4 


‘muHepasos, M., 1954. 311. Hi. ComoBbes, KaToHOJNOMMHECIeHTHBIM aHalH3 py H 
" TIpoLyKTOB WX OOorallleHHA, HOBOCTH TeXHHKH OGorallleHHA Mo/esHBbIX HCKONACMBIX, PB. 91,-M., 
non4 48H. Ilaaxcun, B.H.Cmupuos, J. Il. Ctrapuux, INU SI, PASE 


No 6, 1208 (1959). ®*W.H. Waaxcun, B. H. CmMupHos, dae Cea. pe a 
JIAH, Ne 127, 618 (1959). 
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Aorsagn Axkagemun nayr CCCP 
1961. Tom 136, Ne 5 


PEOJOVHA 


A. Tl. BJIYJJOPOB, JI. C. TY3OBA, A. B. WIMLUIKHH uP. H. WIYBAKOB 


YPJIEHOCHOCTb HW)KHErO KAPBOHA 10)KHOM YAMYPTHH 
(ITpedcmaseaexo akademuxom H. M. Cmpaxoeeim 11 VII 1960) 


HvxkHeKaMeHHOYroJIbHble OTWOXKeHUA 1O2KHOLi YIMypTHH BCKpBbITbI BCeMH 
PIYOOKHMM pasBeQOuHbIMH CKBaxKHHaMH. BO MHOrHX CKBaKHHAX OOHAap y2KeHbI 
YPOHBIE MaCTbI, YTO MOSBOJIA€T B HACTOSINe€e BPeEMA OCBETHTb yrweHOCHOCTS 
paccMaTpuBaemol TeppHTopun. 

Typueiickuit apyc caaraetcs cepbimu M3BeCTHAKAMH, COJep2kallluMu MOp- 
ckylo dayny: Endothyra parakosvensis Lip., End. tuberculata Lip., End: dae 
tispiralis Lip., Chernyshinella ex gr. glomiformis Lip., Spiroplectammina 
tchernyshinensis Lip. ‘Momnocrs apyca 15—72 om. 

B wro-Boctouxoli Yamyprun (Capanybexaa, Onapuuckas u KustcoscKaa 
JOManu) TypHelckve HSBECTHAKH OTCYTCTBYIOT. 3iecb B STOL uaACTH paspesa 
HaOJHOLalOTCA YEPHbIe APFHJVJIMTHI UH AJIEBPOJIMTHI, B KOTOPHIX COJep2KUTCH HWDKHE- 
KAaM€HHOYTOJIbHBIM KOMIVI€KC CHOP, OTIH4aIONHIiCA, O§HAKO, OT Cnop BbIllee- 
*KallerO CTaMMHOFOpCKoOro TopHsonTa. Hanpumep, B paspese cKBaxHHEl No | 
Capanyaa (uuteppaa 1396—1418 M) BcTpeyeHpt: Acanthotriletes ’ punctatus 
Naum., Stenozonotriletes luculentus Naum., Lophozonotriletes torosus Na- 
um., Loph. rarituberculatus Naum., Trematozonotriletes goniacanthus 
(Waltz) Naum., Trilobozonotriletes inciso-trilobus Naum., Simozonotriletes 
kiselensis Naum., Anisozonotriletes fabus Juschko, Euryzonotriletes incisus 
Juschko. 

Takoli Kommuiekc cop 6pit B CBOe BPeMA HaMH Halijleu (1) B BepxHeli yacTH 
CapaHIMHCKOH TOM Ha CeBepo-BOcTOKe Tarapuu HM OTHeCeH K TypHe. 

3a mocueqHee Bpema no_ooubI KoMnmeKC ycranoswieH T. B. Brrpmesott qa 
BepXHeH YaCTH MaJIMHOBCKOli Tou, KOTOPylO OHA IleJIHKOM OTHOCHT K BH3e. 

CraMHOrOpcKHii TOpu3OHT 6e3 BULUMBIX CJI€QOB PasMbIBa MOKPbIBaeT Capaii- 
JHHCKY!O Tomy. Tam, re oreytetayer capaiimuucKkaa TOMA, MOM cTamHHO- 
POPCKUM TOPH30HTOM OOBIYHO 3aseraroT YepHBIe TIMHBI TypHe. MomjHocTb ux j0- 
cTuraeT 2—7 m. Muorga Tu raul OTCYTCTBYI0T, H CTaJIMHOrOpCKHe lecuaHuKH C 
Pa3MBIBOM HaJleraioT Ha TypHelickNe U3BeCTHAKUH. 

CraiMHoropcKuii ropu3oHT cmaraetca OenbiMy KBaplleBbIMH TlecuaHuKaMH, 
HHOTAa OOpasyioujuMH MOULHBIe (0 29 M) I1JIACTbI, TeMHO-CepBiMH MeJIKO3ep Hi - 
CTPIMH TMeCdaHuKaMH H aJleBpOMTaMM, YepHEIMH, CepbIMH HM pexKO GenbIMH ap- 
THJIJIMTaMH HW YTvisMy. 

B paiione Capanyaa (cKBaxkHHa Ne 1)B CTaJIMHOrOPCKOM TopH3oHTe (HHTep- 
Bal 1349—1395 m) Hatinenn cuexyiouue cnopbt: Euryzonotriletes subcrenatus 
(Waltz) Naum., Eur. ciliato-marginatus Naum., Eur. macrodiscus (Waltz) 
Juschko, Trilobozonotriletes inciso-trilobus Naum., Trematozonotriletes va- 
riabilis Naum., Diatomozonotriletes curiosus (Waltz) Naum. 

B nwKHeli yactu storo HHTepBayla HapARy CO cnopamu cTamMHOropcKoro 
POPHSOHTA BCTPeualoTeA B He3HAYHTebHOM KOMMUeCTBE CHOpPbI, HMeIouyHe MavIv- 
HOBCKMH OOHK. Cpequ Hux onpenenenbi: Euryzonotriletes incisus Juschko, 
Simozonotriletes kiselensis Naum., Dicthyotriletes tchernyschinensis Juschko, 
Lophozonotriletes rarituberculatus Naum. 

lOxkHee Capany.a, BcKBaxuue No 12 Barckolt noma, TaKxe oOuap yen 
~TaJHHOPOPCKHH KOMMIeKe crop (untepBan 1375—1458 m): Trematozonotri- 
letes commutatus (Waltz) Naum., Tr. gibberosus (Waltz) Naum., Diatomo- 
zonotriletes speciosus Naum. Oco6eHHo Gonbuoe 3HaueHHe B 3TOM KOMILJI€KCe 
Mpuooperaior cnopst lowrpynntt Trematozonotriletes Naum. 
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| B yrasax cTaiMHoropcKoro ropH3onta (cKBaxKHHa Ne 7 KasakoscKow muionya- 
‘M) Haiijensi (uHTepBaa 1055—1063 m): Trematozonotriletes fossulatus (Waltz) 
Naum., Tr. foveolatus (Waltz) Naum., Tr. variabilis (Waltz) Naum. u gp. 
MouHocTbh cTanHHOropckoro ropH30HTa KoOuJleOseTca OT 19 oO 96 M. 


TeppureHHble OTO*KeHHA 
TYJIbCKOrO TropH30HTa. On 
 clararoTcs mecuaHHKaMi, 
i TeMHO-CepbIMH aJleBp OJ - 
-TaMH, 4YepHbIMA = aprHiu- 
-TaMH 4M Hora  yrviaMu. 
Berpewaiotca TOHKHe  mpo- 
“COM JOJOMUTOB. B OoubIInH- 
_CTBe pa3pe30B B TYJIbCKOM ro- 
_ pH30HTe OOHAPy2KeH Cue y10- 
lH, XapakTepHBI [A He- 
TO, KOMIIeEKC cnop: Hyme- 
nozonotriletes pusillus Na- 
etm., Trematozonotriletes 
> bialatus (Waltz) Naum., 
_ Trilobozonotriletes porrectus 
Juschko wu gmp. MonHocTb 
TYJbCKOFO TOpH30HTAa JOCTH- 
_raer 35—45 M. 

B ctpoenuu cTasMHorop- 
CKOro TOPH30HTA BbINeIAIOT- 
ca (Ba Tuma paspesos. Ilep- 
BbIM THM MpescTaBJieH MOUI- 
_ HbIMM OeJIbIMH KOCOCJIONCTHI- 
MH TlecuaHHKaMH, 3aJlerato- 
 11MMM B HHKHeH “aCTH TOII- 
uv. Bone clefqyioT: vepHbie 

AprMJJIMTbI, MOM[HbI yrOub- 
HbIM WwIacT WU CHOBa YepHble 


eT a ee 8 Se hae 


+ I 


HWKHeroO KapOoHa 3aBepiiaioTcA OOpa3soBaHHAMH 


Nv S 
cn N28 1G CHB NON7 CKB.N212 CHE. N° 
° (eo) O° te} 
a eee eee 
<tr [seen 
S 
Oo 
S 


Se 


ACHONOARHCKHUG 


| __ manennan Ty nb cKud 


GUHCKY 
HE HH) : 


BEPXHEQQMEHCKUU UX 


Gepm. 8 O 8 16m 
ye 7 a a 
[+ as Ee (aps. 04 0 04 08KM 


Puc. 1. Crpoenve TeppHreHHolt Tou HWKHeErO KapOoHa 

BatTcKol mloulagquH (BbIPOBHeHAa 10 MOMOWIBe H3BeCTHAKOB 

TyJIbCKOro ropH30HTa). / — H3BeCTHAK, 2 — yroulb, 3 — 

apruimuT, 4 —nepecwlauBaHve aprHJJIMTOB, aJsleBpoudi- 
TOB, MecuaHHKoB, 5 — MecuaHHK, 6 — pasMbIB 


 aprusmamts. MomHocTb cTraMHOropcKoro POpusOHTa AocTHraer pH TOM 96 M. 
 3anonHAA SposHOHHble yruiyOueHuA, OTMOXKeHMA CTAIMHOTOPCKOrO TOPHSOHTa 
_ gajleraioT Ha pa3MbITHIX TYPHeHCKHX W3BecTHAKAX, a HHOTHa —~ Ha CBeTJIO-ce- 
PbIX W3BeCTHAKAX Cc copamuHUdepamu chameHcKOro o6sukKa. 
Paspesbl BTOporo THMa cyarawTCA TeEMHO-CepbIMM MeCdaHHKaMH, aJleBpOdl- 
Tamu, apruamuTamu u yrasamu. IIpocson yruieH MMeroT HeGOOJIbIIYIO MOL[HOCTb 
(1,0—1,5 mM, aHepezKo u MeHbIe). STH OOPasoBaHNA MOKPbIBaIOT MOBbILICHHbIe 
yuacTKM TYPHElCKOM H3BeECTHAKOBOH TOIL. ABHBbIX MpH3HAKOB pa3MbIBa TIpH 
3TOM He HaGsmonaetca. MoulHocTb CTaJIMHOrOpCcKOrO FOpH30HTa 19—35 M. 
HemocraTouHoe KOJIM4eCTBO CKBaxKHH He MOSBOUIAeT C MOCTOBEPHOCTHIO NPCs 
CTaBHTb XapakTep Pebeba USBeCTHAKOBOH TOMMIM TYPHE. Ilo wMeroljtHMca Ma- 
TepHJIaM, B HEM pa3/IMUAIOTCA HEOOJIbUIHe NOMHATHA HW MOrpyKeHMA, OCH KOTOPbIX 


PacnOJIOXKeHb! B pa3SHbIx HalipaBJIeHHAX. 


Ha puc. | u306paxkeH Mpopusb BLOb 


OCH BUAaLMHbI, BLITAHYTOM MpHMepHO B MePHAHOHAJIbHOM HalipaBJIeHuH (BatcKan 
Twoulayb Ha ;wro-BocTOKe YAMyPpTHH). 


B o6pa30nannn pebeda u 


IILeECTBEHHO 3PO3HOHHBIe Iipoe 


3BeCTHAKOBOM TOM TypHe yyacTBOBaIH TpeuMy- 
CCbI,O UeM CBHLETEJIbCTBYeT HasleraHve CTasIMHOrOp - 


CKOrO TOPH3OHTa BO BaswuHax Ha JIEBOHCKHE oOpa30BaHHa. PasMbIB KOCHYJICA 
Tr 1aBHbIM o0pa30M 9TUX BmIaHH, KOTOPbIe cyulecTBOBaJIM JIO HAKOMJICHHA CTAJIN- 


HOPOPpCKUX OCaTKOB, H TlepBOHAUAaJIbHOe Ux 


cbopMupoBaHne ObIIO CBASAHO C 


/BAMAHMeM TEKTOHHUeCKUX JIBHXKeHHH. Ha NOMHATHAX PaSMbIB MOUTH He Tip ocule- 
»kuBaeTca. I[lo3qHeiimme TeEKTOHMYeCKHe I BH2KCHHA o6pa3z0BaIH Moore CK1ajl- 


KH. MonulHocTb YrOJIbHbIX IJIaCTOB cTaJIMHOrOpCcKOro rOpH30HTa 


KONeONeTCA OT 


0,05 go 39,0 m. Yrompuple macTbl MaJiOlt MOULHOCTH Yale MpOcTble, a MOLULHbIe 


_ TiJlaCTbl — CJIOPKHBIC. 
| 
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HavOovbuieH MOUJHOCTH YFOJIbHbIe WaCTbl JOCTHTatoT Ha 1Oro-BOCTOKe Yq- 
MypTHH, Ha BatcKoi nmomanu. 3yecb, B cKBaxuHe Ne 12, Bckpbito 17 naacros. 
Ha puc. 1, coodpasHo macmta6y, us06paxenbl He Bce mvacTsl. Huxuue 15 
MJ1acTOB, MOuLHOCTHIO OT 0,05 go 2,20 M B moqaBusroleM OOuIbUIMHCTBe CcayuaeB 
ABJIAIOTCH MpOcTHiMu. Bpnmertexamulh muact (Ne 16), qocTuratomMi MoulHOcTU 
39,0 M, cocTouT H3 8 nayeK, pasjeJeHHIX nycToH noposolt. IIpocnou myctpix 
nopox (0,07—0,70 m) npeqcTaBleHb! apruwiuTamn. 

I]nact cmaraetca, rlaBHbIM OOpasoM, MaTOBbIM H M0JIyMaTOBBIM yrviem. B cpeq- 
Heil H OCOOeHHO B BepxHeli wacTAX MOM[HOrO MWIacTa HaXO{ATCA mpocoH mo- 
yONecTAMHX M OuJlecTAMUX yrvieit. 

XapaktepHol ocoOeHHocTbio yrvieli 1oxXHOH YAMypTHH ABAeTCAH M3BeCT- 
kopucTocth. Ilo paspesy ona oxBaTplBaet 0 1,5 Mm yrombHot Tomy. IIpu stom 
YyrOulb OObIYHO COXpaHseT CBOIO MHKPOCTpyKTypy, a KapOoHaTublii MaTepHad 
MPpOHHKaeT B yrOJIb M 3aNlOMHA€T HEMHOPHe TPenHHbI. OHAKO MecTaMH yroub- 
Has Macca HapyilleHa, pa3s0pBaHa H MHTeHCHBHO MpOmuTaHa KaJIbuuTOM. M3Be- 
CTKOBHCTOCTb ABJIA€TCA CKOpee Bcero BTopHuHOl. Muorga Bcrpeyaiotcs efn- 
HH4HbIe MeKMe (1 cM) H3BeCTKOBbIe KOHKPelHH 3epHUcTori CTPpyKTypbI (cKBa- 
“MHI NoNe 17 uw 12 Barckod maonagn). 

B crpoeHHM yroulbHoro maacTa KakuXx-1M60 HapyuleHuit B Bue cMsaTHil, 
PaspBIBOB M T. TI. He OOHapyxeHO. Yromb 3asleraeT cpaBHHTebHO cno- 
‘KOHHO. 

Yroulb CTaJIMHOropcKoro TopH30HTa uepHblii, IIPCHMYLIeCTBeEHHO MOsYMaTO- 
BbIM, MJIOTHBIM, JOBObHO TBepAbIi, cnoucTeIi. Mectamu, rae YBeJIMUUBaeTCA 
colepxKaHue (pioseHa, yroulb MpHoOpetaer xpynKocTb. Takoe cBolicTso Ha6uIO- 
Jaetca HW y Onectamux yruel. Berpeyaiorca miocKOcTH 9K30KIMBaxKAa. 

Cpequ yruieH BbiersoTes cekyiomne THM. 

J] 10 p € H — MaToBbIi, MVIOTHBII, TBepapti. Ilo mukpoctpyKktype YIOJIb 
IPCHMYINCCTBEHHO ABJIACTCA CIOPOBbIM [topeHoM. Kpome Toro, BcTpeuaroTca 
CMCHIAHHBIC H, O4CHb PeLKO, cbioseHoBble Wopeubl. [ennduyupoBaHHble KOMMO- 
HCHTbI SaHHMAlOT MON4HHEHHOe MOOKeHHE (PeKHe TOHKHE TO0CKH). Dro3e- 
HIISHP OBAHHbIe COCTABHBIC 4aCTH UMEIOT OOvIbIIOe 3HadeHHe. OHH CocTORT U3 Yep- 
HOM OCHOBHOM Maccpl ((i03eHO-ecMHT) (bparmeuTos (piosena. JIunouqunie (xen- 
Tbe) Tea MPeACTaBJeHbI TPeHMYLecTBeEHHO oOG6o70"KaMN MaKpO- H MHKpo- 
cop, Mp mpeoOsaqanuu nocueqHux. 

K 1ap eH 0-210 peu. Makpockonuueckn yrOJlb TOJYMaTOBBIH, IITPHXOBa- 
TbIH MIM nomocuaTEili. lo mukpoctpyKtype Pa3JIMUaIOTCA KaPeHO-JIOPeHI CHo- 
PoBble H CMelIaHHble. CpeqH reJMHHPOBAHHEIX KOMMOHeHTOB HaGOMaoTCA 
MOMOCKH MIpOSpayHOH OCHOBHOM Maccpl, a- u B-KcumeHuta. V3 (pro3eHH3Hpo- 
BaHHbIX KOMIOHEHTOB IIPMCYTCTBYIOT, B CpaBHUTebHO MeHbIIeM KONUUeCT- 
Be, eM Y MtopeHa, vepHad OcHOBHaA Macca u (pio3eH. )KenTEIe KOMNOHeEHTEI 
MpeACTaBeHbl OOOOYKAaMH cop, KyTHKyso. Tlonanaiores e€(MHMUHbIe BOLO- 
pocwm Tuna Pila. 

Jipevo-Kaapeu. Yroup MOJYMATOBbIH ToocuaTEIH. Ilo muKpo- 
CTPYKType STO JMOpeHO-KJapeH CMOPOBbIit WH CMetaHHbIii. KonuuectBo renu- 
(PHILMpOBaHHEIX KOMMOHeHTOB yBerMUMBaeTes, H HepeqKO UX COMepxKUTCA He 
MeHbiIne (IOSCHH3HPOBaHHBIX VM JIMMOMIHBIX. 

Kaapeu. Yronp Onectamuit win notyOnectanuh. PenudunupopanHpe 
KOMMOHEHTBI rpeoOaqaior. Ilo MuKpoctpyKtype BCTpeuaioTcA KapeHbl cno- 
POBbI€ MH CMeINaHHLIe. 

XuMWyecKkan XapakTepHcTuKa THIOB yruieH awa B Ta6a. 1. 

OueMeHTapHblii cocraB yraeft ua BartcxKoit TWIOWULAKH MO CKBaxkuHe Ne 17 
OOHapy2KHI Ciekyrouree: CP or 74,16 jo 81,34, o6nraHo 77—79%; H® or 4,43 
no 6,14, _ dane 5,00—5,5%. To sroit cxBaxune oKon0 20% poo Waer cnekumuit- 
CA CepbIM TcuyKoKc. 

Mnorga B yrasx pasqmuatotca TOHKHe rMHuctHe TpoMaskw. Mectamu co- 
ep2kanWe TIMHMCTOrO MaTepnala yBemuuuBaeTcr HaCTOJIbKO, 4TO yroub Mepe- 
XOAUT B yTacTEl aprunmaur. Kpome toro, BCTpeyaeTca 10 TpeulHHaM KaJIb- 
HHT, a B CaMOM Macce yraa — nuput. 
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Yrowb OTHOCHTCA K KaMeHHBIM JWIMHHOMIaMeHHbIM. HekoTopble pa3sHocTu 

puOmMKaoTCA K Ta3OBbIM YIJIAM. 

YryleHocHble OTIOKeHUA HWKHerO KapOoHa YAmMypTHH, Kak WM COceqHUX pec- 

y6unk (Tatapus, Bamkupus), mpuHagiexkaT CramMHoropckoMy rOpH30HuTy oylHOH 

YrleHOCHOH MOWLakH BOCTOKAa PyccKxott maatdopmpt (',”). B TybckoM ropH30H- 
€ BCTPeYaIOTCA JIMIb TOHKHE eMHMYHbIe MPOCOMKH yrs. 


arOMimen ide 


Bpixog Buixorn 
Baara| Soma mery- | Cepa | ryMu- 
PasBeqounan N npu cyx. uHX | OOM. © HOB. XNapaktTepHcTHKa 
TAO ab BE @a8o {05°, | yrua, | Bet. Bell. nouykKoKea 
% % 
% Ha roployu. Maccy 
Kaapeu 
i] 
KasaKopckaa i 4,59 | 8,25 | 87,54) 3,46 = Topomox 
Barckaa 42 5,44 | 8,62 | 43,34] 5,31 — Cnekmnlic a 
K mapeuo-2 peu 
BatcKast 12 8.15 | 14,53y). 43500) 3320 /e=— Cuna6ocnek imiit- 
; cA 
Batckaad 12 6,12 | 13,59] 36,33) 2,94 — Tlopomox 
KagakopcKac 7 4,34 | 18,13] 43,54) 3,54 | 0,30 | Mopouox 
Tlipeu 
Ka3akoBcKaa io 5,05 | 27,20| 42,07] 6,42 | 0,64 TlopouoK 
Cna6ocnekiinit- 
Barckaa 12 6,02 | 22,48) 45,10) 3,50 — CH 
Barckasn 1 A BO Dee 45, 88is 4,200) Cnexmnlica 


* Ayamu3bl mpopefenbl 3. 3, Hyrmanosoi. 
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B BepxHell uacTu TypHelicKkoro Apyca unoryza HaOmoaiwoTcA WS3BeECTHAKM C 
“TIpOcnOAMM YepHEIX TMH. OOpasoBbiBasch OHM B oOcTaHoBKe OopbOpl cylin H 
mops. B cTamHoropcKoe BpeMaA yCTAHOBUJIMCb ycTOHuMBHle YCJIOBHA KOHTH- 
\ HeHTa. DopMupoBaHHe YOJIbHBIX IIAaCTOB B TO BPeMA MIpOvcXxoyus0 B ryMuHOU 
30He Ha 3a00/IOUeHHOM HU3HHe, MPMMBIKAlOMeH JIMUIb Ha BOCTOKe K MeJIKOMY 
mop1o. C HauaJla TyIbCKOrO BpeMeHH BO3OOHOBHJIHCh BTOPXKeHHA MOP, BCKOpPe 
gaBeplIMBINMecA YCTaHOBJeHHeM TOcrIOACTBA MOPCKOrO pexkuMa. 
B cramuHOropcKoe BpeMA YIIeHOCHble OTMOAKCHH A cbopMUpoBaJIMCb Ha HEPOB- 
_ HOM, MeCTaMH pa3MBITOM peuberbe TYPHeliCKUX U3BECTHAKOB, YTO HEOOXOAUMO 
_ yUMTEIBaTh Ip MOoucKax HAMOOJIeli YTeHACbINCHHOCTH B HwKHeM KapOoHe 
: Y JMypTHu. 
: B 3aksioueHHe aBTOpbl MpHHOCAT rlyOoKy10 6narogapHoctTb C. H. Haymoson 
3a IleHHbIe COBeTHI HU yKa3saHHA. 


TeowJormuecKkH MHCTHTYT TloctymHs10 
Kasauckoro (buiuata AkazemHH HayK CCCP 8 VII 1960 


IMTHPOBAHHAA JIATEPATYPA 


| TA Daly. 0 Pp O.B, 1. Godeyio. 0.8 a). JAH, 111), NOS= (1056) ))) 2 An TL, Bey: 
Opos, i. Cc. Ty3osa, A. B, Wumkun, JLAH, 123, Ne 3 (1958). 
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Jlokxanp Akajwemun nayx CCCP 
1961. Tom 136, Ne 5 


CEOMOLH A 


C. 1. BAPTAHOB u B. A. KOPHEB 


HOBbIE JAHHbIE O TEOJIOPHYECKOM CTPOEHHH 
CEBEPHOTO KACIINS 


(10 PE3YJIbBTATAM MOPCKHX CEMCMHYUECKHX UCCJIEMOBAHUH) 
(ITpedcmaeaeno akademukom A. JI. Axuuneim 27 V1 1960) 


J{o camoro nocweqHero BPeMeHH OCHOBHbIM MaTepHaJIOM WIA CYxKJeHHA O 
PeOJIOTHYCCKOM CTPOeCHHH CeBepHOH uacTH Ha KacnulicKoro MOps ObLIH -,aH- 


HbI€ MeIKOMACLITAOHBIX TpaBHMeTpH4¥eCKHX HM MA@PHHTHEIX cbemMoK. B 1958 r. 
Hayuno-ucc meqoBaTeabckan 


MOpcKan Teousvyeckan 9KC-) 
nequuus  BeecorwsHoro na- 
Y4HO-HCCJIEQOBATeJIbCKOTO HH-| 
CTHTYTa TeOPU3HKH  BBINOJ-| 
HHJla PeMOHAaJIbHbIe ceHicmuyec- 
KMe HcCJleOBaHHA, KOTOpBIe} 
anu MepBble cBeeHuA O cop-| 
Max MW rviyOuHax 3aleraHus Me- 
30-KaHHOSOHCKUX OTIOXKeHHH Ha. 
akBaTopuu CeBepHoro Kacnua | 
((.B. Pa6puenan, YL. B. Crep-| 
JisroBa). MccneqopaHun mpose-| 
AeHbl MeTOXOM OTpaxKeHHEIX | 
BOJIH TO HelpepbiBHBIM mIpo- 
@uiam B, B-i, B-2, Eu 
E-1 oOmel mpotaxeHHocrsio- | 
650 kM (pyc. 1). Cefiemn- 


TWté F7AgS8n 


eeccee 


Puc. 1. IIpeqpaputenbuaa cxema TeKTOHUKH Cexep- 
Horo Kacnusa. / — celicmuyeckue mpobuan (meTox 


OTPa?KeHHBIX BOJIH), 2 — COJAHOKyNOJbHaA o6u1acTh, 
3 — ioxKNaA TpaHua pacnpoctpaneuuaA comsHBIx Ky- 
MOJI0B, 4 — HOBOOTKPBITHIe COJAHbIE Kytona, 5 — Ba- 
NooOpasHble NOAHATHA B MOMpaHHuHol obmacTH M@*K]Ly 
repmHHCKoH HW okemOpulickoli TaTpopMamu, 6 — 
Me€3030HCKHe BalooOpasHble NOAHATHA C JOmepMCKuM 
CKaquaTbIM OCHOBaHHem, 7 — ManrpimiwiakcKaa mer- 
aHTHKIHHAaIb (30Ha TepMOTpHacoBolt CKaquaToctn), 
8 — mlatpopMenubiii CKJIOH mpeladbnnticKoro I1poru- 
6a, 9 — IIpeqKapKascKnit nepegosoii mporn6, 10 — 
cKilauaTble  CoopyxeHua Bosmbiuoro Kapxkasa, 
J] — 30Ha pesKoro morpy2keHusaA me30308 (H Taueo- 
308?) mo paslomam, J — cousnolt Kynod Mopcxoit I, 
/I — conanot kynon Mopcxoit Il, 7/7 — Actpaxan- 
ckKoe noquaTHe, JV — Cesepo-Kacnuiickoe” noguatue, 
V —lOxuHo-OmGenckoe nogustue, V/, u VI? — Cese- 
po-YctiopTCKHH mporH6 Hu ero MpeAnodaraemoe mpo- 
Aowxenne, VIJ — kpsax Kapnuncxoro, V/J/.— Cepe- 
po-Bysaunnckoe nogusatTHe 


celicmMuyecKkor 
TOJINLAX, MaTp HBaemoii 
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XapakTepHble JWI pacc 


4eCKHE 3anvCH, NOJYYeHHbIe Ha 
yKa3aHHbIxX TIpOuAX, B eIOM 
HaJl@KHbI, BCJIeCTBHe YerO JO- | 
CTOBEPHOCT MOCTPOeHHBIX pa3- 
Pe€30B He BbISbIBAeT COMHEHHII. | 
I]naHopas npuBa3sKa Ha6moye- 
HHH OCYILeCTBJIAIaCb payuoreo- 
Ae3u4eCKHM MeTOAOM (pasoBoro. 
30H. 

JleTaibubii anann3 ceiicmu- 
4YeCKHX 3alIMCeH HM paspe3oB B. | 
MacmuiTa6e 1 : 20000 nosBonua 
aBTOpaM HacTosmei cTaTbu 
CTpaTHUUMpOBaTh pA ycuoB- 
HBIX H OMOPHbIX TOPH3OHTOB,. 


KOppeJIANMOHHOrO NpH3Haka WH- 


O MaTepHala B_ BBbIeeHHBIX 
OOaCTH PerHoOHaIbHBIe HeCco- 


TacHA UM COMOCTABJIEHHe MOULHOCTeH BbIJeJICHHBIX TOJILL C MOULHOCTAMH OTIO%Ke- 
AMM = MpuJleraomuA pawonoB cywM. TekTonuueckoe paHoHHpoBaHie mpoBo- 
WMNOCb KaK 10 CTpyKTYPHOMY MphsHaky, TaK HM m0 CMeHe ceHicMHyecKon 
3alucu WM CKOpOCTHOM XapaKTepHCTHKU pa3pe3a. 

Bpieenbl CJleqyroulve LTOpH3OHTHI: 

_ YcCAOBHEIN TOPH30HT, MpHMepHO COOTBeTCTBYIOMIMH MOMOMIBe aK¥arplia,— 
Ha mpodusax B, E, E-/, omopuHptii ropv30nuT, MecTaMH MpOBeJeHHbIit Kak 
YCJIOBHBIM, COOTBeTCTBYIOMIM MpHMepHO KpOBJIe 30NeH-TypOHCKorO Kap6o- 


CTBYIONMH MOLoWBe TypoHa,— Ha Tipoduse B, onopublit ropH30HT, NpuMepHO 
COOTBETCTBYIONIMH MosouBe HeOKOMa, — Ha npopbumax B u B-/; onopupiit 


TOPV30HT, COOTBETCTBYIONIHH KpOBJIe HMKHeMepMcCKOM COM, — Ha CeBepHOM 


KOoHUe Mpodusa B-/. 
“popuns B Mpopuns B-1 CB 


200 Z 450 xm 500 


103 ‘"popuns 82 cB He 
0 25 S80 ; 
0 u 
2 mr 
4 a 
KM 
® oO ‘ 
Zaie 
// 4 


uc. 2, Teomoruueckne paspesbl Mo celicmuyeckum npoduism B, B- 1 B-2, E, E-1. a — ycios- 
HbIM CelicMHYeCKHH TOPH30HT B MOJoUIBe aKYarbilJla, 6 — OMOPHbIl TOPH3OHT B KpoBJe 90LleHa, 
(@ — ONOPHEIM TOPH30HT B MofoWIBe TypoHa, 2 — ONOPHbIii rOpH30HT B MOAOWBe HeoKOMa, 0 — 
(OlOpHEI TopusOHT B KpoBsle KyHrypa (KPOBJIA Cou), e — HeCTpaTHpuuNpoBaHuble CelicMHuyeC- 
{KHE TOPH30HTHI, I.— akUarblJl H Oouee MOJIOJbIe OTJOMKCHHA, 3 — TOAKYArbWIbCKHE TPeTHUHBbIe 
‘OTJIOXKCHHA, u — 301leH-Ty pOHCKHH KapOoHaTHblit KOMIWI€KC, K — JMOTYPOHCKHe MeJIOBbIe OT- 
O%KeCHHA, 2 — 10pCKHe OTJOKeHHA, M — KYHTypCKHe OTJIOXCHHA (KaMeHHad COuJlb), H — 
UM3DIOHKTHBHBI€ HapylleHHA. I[udppt B KpyxXKax rai pa3pe3aMH COOTBeTCTBYIOT OOO3HAUCHHAM 
puc. 
OcHOBHBIe cBeeHuA MO TeEKTOHHKe paccMaTpHBaeMOro perHoHa MOJyYeHbl 
TIpopuaMu B u B-1, Kotopbie B COBOKYNHOCTH MepecekatoT ero OT TreOCHH- 
KiMHaNbHOrO cKOHa TepcKo-Kacnuiickoro nepegosoro mporu6a jo oOsacTu 
Pa3BUTHA XOPOWIO BbIPAKeHHLIX COAHDIX KyNO0B [IpuKacnuaA (puc. 2). 
'M3-3a orcyTcTBUA AOcTaTOUHOrO KOHYeCTBa reorpatuyecKHX OPHeHTHPOB IIpH- 
BOJuMOe HWKEe OMMCaHHe MpopueH Bayo MO KHOMeTpaM, OTCUMTHIBAeCMbIM OT 
toro-3amaquoro KOHIa mpodpusa B vu iooxKHOrO KONA npopuia F. 
' TIpoduns B ua mepsetx 10 km 4 npopunb E na mepsptx 15 kM NepeceKaloT 
CeBepO-BOCTOUHOe Kpblo KykypTTaycKOH 30HbI TpeTH4HBIX MoOHATHH. JLauee 
K CeBepy H CeBepO-BOcTOKY MpocslexUBaeTCH HanOosee MporuyTad uacTb Tep- 
icko-Kacnulickoro mporn6a, ocb KOTOpOrO NO foOaKkuarblIbCKHM TPeTHYHbIM OT- 
MOKeCHUAM IpwxKaTa K KyKyptraycKol 30He NOAHATHM HM MIpHXOMNTCA Ha 20-1 
KM Tpoduaa B, a 0 akuarblbCKUM H OOJIee MOJIOABIM OTIOXKCHHAM CMeLleHa 
ceBepHee, B palion 70—80 km. HanGoulee norpyxeHHoe 3aJleraHe MNOOWBbI aK- 
qarbima XapakTepusyerca Ha mpodue E ormerKoit — 1500 M, a Ha mpopuste B 
oTmeTKoi — 1800 m. B paiione 65—120 xm npodpua B m0 ceicmu4uecKoMy MaTe- 
Ppuany 4eTKO OTMeyaeTCA 30HA Pa3BATHA J\M3bIOHKTHBHEIX HapyuleHui, MeTO- 
Muka TpaccHpoBaHuA KOTOPbIX MO MOPCKHM MaTepHasaM MeTOMa OTP axKCHHBIX 
BOJIH H310%KeHA B OCcOOoH craTbe (1). HanOonee KpynHbIM B STO 30HE, M10-BK- 
IMMOMY, ABJIAeTCA HapytlenHe (cOpoc) B palione 90-ro KM: K CeBepO-BOCTOKY OT 
Hero MpoOctexuBaeTCH ONOPHbI celicMH4eCKHM TOPH30HT, COOTBeTCTBYIONLMH 
MonourBe TYpoHa, Ha rmyOuHe 3900 M, a Kk 1wro-3amayy STOT TOPU3OHT 3aBeOMO 
MorpyxeH rayOxe. CMecTuTemH COpocoB, BXOJAMMX B COCTAB 3OHbI HapyiieHHH, 
KapakTepusy1oTca mafleHHeM Ha joro-3samay. K CeBepO-BOCTOKy HauHHaeTcA 
‘MOKOMHbI MOHOKIMHAMbHbIM CKJIOH, COXXCHHbIH Me3030HCKHMH WH KaHHO3OH- 
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CKHMMH OTJIOXKeHHAMH. TakuM oOpa30M, OMMCaHHaA 30Ha HapyilleHHH mpez- 
cTaBAeT COOOM BeCbMa 4YeTKYIO TpaHHUy MeKLY aJIbMuUCKOM TeOCHHKJIMHAaJIbIO 
M 9SIMreplHHCKOl mlaTPopMoli H, MO-BHAMMOMY, ABJIAeTCA OTOOpaxKeHHem B 
OcaJOUHOM TOKPOBe 30HbI rIyOHHHOrO pa3sioma. OHa XOpoMIO OTMeyaeTCA Mar- 
HMTHBIMK AaHOMAJIMAMH It TpaBUTAaWMOHHOM CTYMeHbIO, KOTOpble HelpepbiBHO 
IIPOCJEXKEHbI BIVIOTh JO 1oro-BOCTOUHOTO Oepera Mops B pation KpacHoBogicKa 
H Jlanee 10 cyile BJO NoqHORK_A KyOayar-boupuedaixaHckoH MeraHTHKJIA-~ 
HaJlH. 

TakuM OOpa30M, HMeIOTCA JOCTATOUHbIe OCHOBAHHA TipemMouaratb, 4TO Ha’ 
BceH akBaTopHH Kacnulickoro MOpaA 9SIMreplyWHcKad TWwiaTpopMa OTJeJAeTCH 
OT AJIbIMHCKOM TEOCHHKIHHAIbHOM OOJACTH 3OHOM PIYOMHHBIX pa3JIOMOB, TIpHu- 
YeM THIICOMeTpHYecKoe TOJIO*KeHHe BepXHeH TpaHHIbl pasBHTHA Hapyulennit 
oupelem#eTcaA ruryOHHOH 3ameraHuaA naseosoHcKoro dbyHwamMeuTa. CKoH msaT- 
cbopMbI Ha npoduaax B nu E noswHocTb1o aHaorHueH CKJIOHY, H3Y4eHHOMY B 
ceBepO-BOcTOUHOM IIpeqKkaBKa3be. I]0-BHHMOMY, OH MIpOMoWKAaAeTCA HeMpepHIB 
HO BO BCeM CeKTOpe Mops OT mpodusa B Wo Oepera. 

[logoursa TypoHa Ha mpoduse B BosybiMaetcs OT ryOuHEI 3900 M Ha 95-M 
kM 0 500 m ua 300-m xo. Ilo Heit OTMeuaeTCA HECKOJIBKO Cj1a60 BbIPaxKeHHbIX 
AHTHKJIMHAJIbHbIX TeperHOoB H CTPyKTYPHbIX Teppac, 3aTYXAaIONIHX B BblLeJe- 
*KAULHX OTIOMKeHHAX. CKJIOH TvaTPOpMbI OrpaHN4eH c CeBepa mMorpeOeHHbIM 
mpoyxouukeHvem ManrpiiiiakcKou MeraHTukaMHaiw. Ha mpoduse B-2, npoxogs- 
eM BOWIH3H 3anaqHoro Oepera n-o. Manrpiuiak, MeraHTHKJIMHaJlb ele xopo- 
IO BbIPaKeHa AHTHKJIMHAIbHbIM MeperHOom. Ha npodune B avTHKAMHabHbIit 
leperHO BbIpaxkeH y2Ke upesBLiualHO Ca60 10 ONOPHOMY TOPH3OHTY, coorTBeT- 
CTBYIOUEMY TOOLIBe HEOKOMA, KOTODPbIii BIepBble OTMeyaeTCA B palioHe 255— 
305 KM, H IO OTpaxKeHHAM H3 IOpCcKOH TomH. BBepx mo paspesy nepern6 
lipHoOpetaet BU, CTpyKTYpHOH Teppacnl. 

lOxuo-BysaunucKni mporn6 Ha npoduvie B uMeeT BHA Y3KOH u cua6o mpo- 
THYTOH CHHKJIMHaJIM, KOTOPadA TakxKe CrviaxKHBaeTCA BBepX MO paspesy. Hau- 
BbICIaA OTM€TKA MOMOWIBbLI HEOKOMa Ha OCH MOpckKOrO TIposomuKeHuA Manrpnu- 
JaKCKOM MeraHTHKIMHaIM 10 npodusmo B paBya 1200 mM, HanOonee riyOoKas 
mo ocw fOxuHo-by3ayuucKkoro nporn6a 1300 mM. Jia MoxomIBLI TypoOHa cooTBeT- 
CTBYIONMe BeIMYHHbI paBHbl 650 u 700 m. 

HemocpefcTBenHo K ceBepy OT porHOa HayHHaeTCA JOBOMbHO KpyTOe BO3- 
AbIMaHHe Me3030HCKHX OTJIOKeEHHH, COMPOBOKMarolleecA BbIKJIMHHBAaHHeM Mewla 
HM COOTBeTCTBYIOMlee }OXKHOMY Kpblury CeBepo-By3auuHckoro MOAHATHA. 3ylecb 
HaHBBICHIadA MpOCex*KeHHAA OTMeTKA TOJOUIBLI HeOKOMA cocTaBsiseT 400 M. Ta- 
KUM OOpa30M, Ha paCCMOTPeHHOM yuacTKe OTMe¥aeTCA MOUTH MOMHOe 3aMbIKa- 
He MaurpmmiakcKoH MeraHTHkiMHamH vu TOxHO-by3auMHcKoro mporu6a- 
IlepBaa BbIPOwKLaeTCH B CpaBHUTeIbHO y3KYlO CTPyKTYpHy1o Teppacy, MpuMbi- 
Kaloulyl0 NpaKTHyecKH BIVIOTHYIO K Kpbly CeBepo-by3auuHcKoro nosqHATHA. 
OueBuyHO, Janbine Ha 3anaq ManrpimimakcKasd MeraHTHKAMHaJb MOHOCTEIO 
3aMbIKaeTCA, HM CeBepo-by3auHHcKOe MOLHATHe CTAHOBUTCAH KpaeBbIM TOJHA- 
THEM SITMPepWMHCKOM M1aTPoOpMBI. 

HanOouee npunoguatasd yactb Cepepo-by3ayuHcKoro MOMHATHA He Mepece- 
weHa CeHCMMYeCKHM IIpOduJleM, TAK KaK COBMafaeT C BeCbMa Me/IKOBOMHBIM yua- 
CTKOM MOPA, KOTOPbIM OKa3aJICH HeEJOCTYNHbIM JIA CeHicMMuecKOrO cyqHa. Cy- 
ICCTBOBAHNe 30€Cb MeJIKOBOAbA MO*KeT ObITh MOpdoOrH4yecKHM BbIpParxKeHiem 
CeBepo-bysayunckoro noguatus. Ha soro-3anaqHom KouNe npoduaa B-/ TIpo- 
CI@KUBACTCA Y2KE CeEBEPHOe KPbIIO NOMHATHA, XapakTepH3ylomleecA NOrpyxKe- 
HHe€M NMOOWIBbI HeoKOMa c rviy6uHEI 400 m go 550 Mo. | 

IloqHATHe orpanuueHo c CeBepa MOJOTHM, HO IHpOKHM nporH6om, KoToppiii, 
NO-BHIMMOMY, ABJIAe€TCH MpoqouKeHHem CeBepo-YctTioptcKoro. [wy6uHa 3aJe- 
TaHHA MOXOMIBE! HEOKOMA B TipornGe cocTaBseT B cpeqHem 500 m. IayOxKe npo- 
CI@KUBACTCA SHAYHTEIbHOe KOJHUYCCTBO OTPaxKalollHX TpaHULl, CTpaTurpadu- 
YeckaA MPMypOveHHOCTh KOTOpbIX He ycTaHOBJeHa. Ilo HUM MporHO BbIpaxeH 
SHAYUTeJIbHO syume. Emme rayOxKe, B HHTepBasie 2500—4500 mM, npoclexuBaioTca 
AOBONBHO MHOFOYMCeHHble OTParkaloulve MIOWLALKH C KPYTbIMH HM pasHoHanpaB- 
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Ji@HHbIMM WafeHHAMM, KOTOpble B COBOKYMHOCTH CO3faloT BleyaTJleHve HHTeH- 
‘CHBHOM CKJIaq4yaTocTH, nOrpeOeHHOM NOs HamOKeHHEIM mporu6om. Ilo rpasura- 
‘UMOHHOK M MarHUTHOK XapakTepucTuKe MporuO ABAeTCA 30HOM MaKcuMyma, 
‘HauBblciero Ha BceH auHuH MaxauKkasia — Dyppbes. CoBmectHoe paccmotpenne 
‘WaHHbIX TpaBMMeTPpHU, MarHHTOMeTPpHH HW CeHCMOpa3sBeKH HABOJHT Ha MBICJIb 
0 TOM, 4TO 3feCb Mbl HMeeM Jle10 C OoJlee NPHNOAHATLIM 3asleraHveM KpUCTau- 
wuueckoro dyHamMeuta, uem Ha CeBepo-by3ayHHcKoM NosHATHH. YnoManyTule: 
a3HOHANpaBJIeEHHble OTParxKaronMe MIOWa\KH, B TaKOM Cjyuae, MOryT MpH- 
aIeKAaTb BepXHelaseO3OHCKOMy CKaquaTomy KoMMiekcy. B palione 430— 
40 KM Ha ruyOuHe cBbe 2500 mM no celicmHueckOMy MaTepHasly OTMeuarOTCA 
OCJIOKHEHUA, KOTOPBIe MOryT ObITb CBA3aAHbI C pasBHTHeM NorpeOeHHbIX Hapy- 
eHHH. XapakTep 3aleraHua ryOHHHbIX OTPaxKalOMlHX TpaHuI, K ceBepy OT 
TOM 3OHbI MeHAeTCH: OHH MpHoOpeTarioT Govlee yNOpsAAOUeHHOe BavieraHiie. 

Bplliietexallve OTJORKeHHA (Me30-KaHHO30H) He 3aTparHBaloTCA mpemosa- 
aeMbIM HapylieHveM. BO3MOxKHO, 4TO 3TO TyyYOHHHOe HapyuieHve ABAeTCA 
“TpaHuleih Mexy JoKeMOpulickoH M MameosolickoH muaTdopmMamn. 

: B pavione 432—457 km mnpocuieKeHo nomoroe aHTHKIMHaIbHOe NOAHATHE, 

OCJIOMKHEHHOe Ha CeBepHOM Kpblie NOrpeOeHHbIM COJIAHBIM KynOIOM. Ilo cBoemy 
TpyKTypHOMy oOO/IMKYy HM NoOKeHHIO B WIaHe OHO MpefcTaBAeTCA aHasloroM 
WJM TIpAMBIM MposowKeHHeM FOxKHO-OMOeHCKOrO NOAHATHA HW MOKeT OBITb Ha- 
sBaHo Cepepo-Kacnulickum. Hasmune mporu6a mexay Cesepo-Kacnuiickum u 
Cesepo-By3auvHcKHM MOJHATHAMH CBHJeTeMbCTBYeT MPOTHB MpeliooKeHHA O 
coequHeHHM TOxKHO-OmMOeHCKOrO NosxHATHA c CeBepo-by3saunHcKuo. 

OTKpbiTHe CONAHOTO KyMoa, KOTOpbIi Ha3BaH Mopcxon I], nmosBouser Ha- 
/MeTHTb B MOpe JOCTOBepHys0 TOUKY JIA NpOBeeHHA 1O*KHOH TpaHHb! pacnpo- 
‘CTpaHeHHA COJAHOKYNMOMbHOH TeKTOHHKH. CeBepHee paciioloxKeHa THIMUHAA 

“M@EKKYNONbHAA JempeccHA, 23a Hel XOPOLIO BbLIPAKeHHbIN COMAHOM KYMOJ, Ha- 
'3BaHHbIM Mopckoul. Conanoe sgqpo kynoma Mopcxon | BbIXOLUT 3a BepXHt010 
_TpaHuuy celicmmyeckoro ocBeujeHusn paspesa (250—300 m). 
| Takum o6pa3om, OCHOBHEIe pe3yJIbTaTHI, MOTyYeHHble celicMHyeCKHMH HC- 
“culeOBaHHAMH Ha CeBepHom Kacmuu B 1958 r., 3aksmOuaIOTCH B CJe2YIOUeM. 
1. TIipocnexena uerkad rpanua MexKyy aJbmMuiicKOH reOCHHKJHHaIbHOW 
OOMaCTbIO HM SIMTepUHHCKOM MaTPOpMOH, BLIPaxKeHHaA CHCTeMOH HapyuieHul, 
“4TO IPH ComocTaBJeHHH C aHaJsIOrHYHbIM XapaKTepOM COUJIEHEHHA STHX OOVIa- 
“cTeH Ha 1Oro-BOCTOKe MOpA MO3BONAeT Ipeqnonarath HasMuve PIYOHHHOrO pas- 
| JIOMa, pa3yesAlomero HX Ha BceHt akBaTopHuH Kacnna. 

2. OTMeyeHO MOUTH MOmHOe 3aTyxaHHe ManrbliakCKOH MeraHTUKJMHadH 
B 00 KM OT 3anagHoro Gepera n-o. Manrpiliiak, B CBA3H C 4eM HCKOUAeTCA e€ 
TIPAMAaA CBA3b C KAKHMM-HO0 MOMHATHAMM CeBepO-sallagqHoro Gepera Mops. 

3. B mpoTHBonojoxKHOCcTh 3aTyxaHHio Manrpiiiaka yCTaHOBJIeHO XOpOLlo 
BbIPaxKeHHOe MOPCKOe MposomKeHHe CeBepo-bysauHHCKOrO NOAHATHA. 

4. OTKPbIT AaHTHKIMHAIbHbI MepernO, mpuHaqiexanyuh CeBepo-Kacnui- 
CKOMY HMOLHATHIO, KOTOPpoe mpekcTaBlaeTcaA aHasoroM IOxKHO-OMOeHCKOrO 
“WIM erO TIPAMbIM MposoumKeHHeM. 

5. YcravosseHo Hanuuve me3030iicKoro mporuda, oTyemlonjero CeBepo- 
By3auunckoe noyquaTue oT CeBepo-KacnuiicKoro. 

6. OTKppiTs! 1Ba comaHBIX Kynoma — Mopckoli I u Mopcxon II, 4To mos3- 

BOJHO YTOUHHTh MoOsOKeHHe 1OXKHOH PpaHHUIbl pacMmpocTpaHeHHA COJAHOKY- 

MOJIbHOH TEKTOHHKH B mpesemax CeBepHoro Kacnna. 

7. TipeqnonomwutenbHO HaMeueHbI OOJIACTb CpaBHHTeIbHO HeriyOoKoro 3a~ 
leraHua MasleosolicKoro cKaquaToro tbyHqaMeHTa H MorpeOeHHbii pa3/10M, OT- 
JeNAOWUH ITY OOMACTb OT MOKeEMOPHHCKON TaTPOpMEl. 

B 3akmoueHve aBTOpb! BbIpaKaloT CBOIO TYOOKYIO MpHSHaTebHOCTb 


akan. A. JI. Anmuny u A. A. Bopucosy 3a BeCbMa IWeHHbIe COBETHI. 

__ Beecow3upiii Hay4HO-HCCeqOBaTebCKHM = HHCTHTYT Toctynuto 
Teou3sHueCKHX MeTOJOB Ppa3sBeKU 17 VI 1960 
UIMTHPOBAHHAA JIATEPATYPA 

I 1C. H. Bapranos, B. A, Kopnes, Coopn. Passeqounaa u MpompicnoBas reodu- 
ysuKa, B. 29 (1959). 
| 
= 
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TPEOJOPHA 


B. H. BEKWAHHA 


3OHA C EBRIA ANTIQUA SCHULZ HYW)KHEFO OJIMPOWEHA 
3ANAJHO-CHBHPCKOMW HAH3MEHHOCTH 


(ITpedcmasaexo axademuxom A. JI. Auuunoim 27 VI 1960) 


IlaeoreHosble oToxeHHA SanaqHo-CuOupcKoH HH3MeHHOCTH M3yualoTCA 
MHOFHMM MaleoHToMOraMu. BpipadoTana yHudulupoBaHHad cxeMa Mx pacusie- 


HeHMA Ha OCHOBaHUM pe3ysbTaTOB H3y4eHHA opaMuHUdep, pamvonapuli u | 


ocTpakog (7). YcTaHOBJeHbI MaleoleH, 201eH HM HW2KHHM OJMTOLeH. 


Matepual M10 QHATOMOBLIM HW *KTYTHKOBbIM BOJOPOCIAM JTa€T BO3MOMKHOCTS | 
BHECTH B Jl4HHYIO CX€MY HEKOTOPbI€e KOPPeKTHBbI, KaCatollMeca TIeEpCXOJHBIX | 


CJIO€CB OT 90LeHa K HWKHEMY OJIMPOWeHyY. OTH COM OTHOCATCA K TaK Ha3bIBae- 
MOH BepXHel PaqMOJIAPMeBOH TOME, 10 CyuLeCTBYIONLeMy MIpescTaBseHuio, cw1a- 
raiouleH BepXHIOIO “acTb s0neHa. JIMTOMOrMYeCKH BepXHAA palnouspnesaa 


TOJIMA MpetcTaBJIeHa TWaATOMOBbIMH H OMOKOBHJHbIMM raHHaMH. Oua XapakTe- | 


pusyeTCA OOHJIbHbIMA OpraHHyeCKHMH OCTaTKAaMH, MMeIOMMMM TaBHbIM OOpa- 
30M KPeMHHCTHIM COCTaB CKesleTa. KpoMe HaTOMOBbIX H 2KIYTHKOBBIX BOOpO- 
culeH K TaKHM OPraHH¥eCKMM OCTaTKaM OTHOCATCH paHONApMu, a TakKxKe Mec- 
qaHble PaKOBHHKH cbopamunudep. B pacnpeseteHuu 9THX OpraHH3MOB oOT- 
MeveHO OllpefevleHHoe COOTHOMIeHHe. PaquouapHH pacnpocTpaHeHbl 0 Bceli 
TOLLE, OT NOLOMIBbI JO KPOBJIM, IIpH4YeM HaMewaeTCA TBA KOMMJIeKca UX: B HHK- 


Hex uactd — c Ellipsoxiphus chabacovi Lipm., B BepxHefi uacra — c Helio- | 


discus lentis Lipm. ®opamuundepsi BerpeyaoTca oOpl4HO coBMecTHO c Elli- 
psoxiphus chabacovi Lipm. # He 3axoqaT B BELMenexamue cmon c Heliodiscus 
lentis Lipm. Hecmorps Ha To uro 1 BepXHHX c/10eB BepXHeH payuouApveBort 


TOI CopaMuHudepbl He XapaKTepHbl, BCA OHa Oba OTHeCeHa K 30He CO” 


Spiroplectammina carinata Orb. (2) — no HasBanmio XapakTepHoro Bua (o- 
paMMHAdep W3 HMKHUX COeB TOU. 

J{uaToMoBble M 2KrYTHKOBbIe BOLOPOCAH COCTaBAAIOT MOLaBMAOMee KONHUE- 
CTBO OCTATKOB OPraHH3MOB BepXHel paqHOJApHeBOH TOMIH, O 4eM CBHeTeNb- 
CTBY€T COCTaB ee NOpok (WHaTOMUTEI, Tpenena). Cpenu Bomopocueli pesKo pas- 
JMTAIOTCH [Ba XapaKTePHBIX KoMMJeKca. [JepBblli M3 HUX IpHypoueH K HMKHeH 
TacTH TOJIUH, OXapakTepH30BaHHON (hopaMuHudepaMu HM palMoApHAM, BTO- 
POH HaxoMMTCA B BepXHeH WaCTH, Tak»xKe OXapaKTepH30BaHHOH pakuoONApuAMH, 
HO MOUTH He CofepxKauleh dhopamMunndep. Pacnpoctpakenue BbIleyKa3aHHBIX 
KOMIMICKCOB HCKOMAeMbIX TOKa3aHO Ha puc. |. 

BepXHAd palMouapvewad Toma NOMcTHaeTCA «HEMbIMH» OMOKaMH Mi OMo- 
KOBHHBIMH aprHJIMTOMOROOHBIMH TJIMHaMH cpesqHero — HWwKHero 930IeHAa, C 
KOTOPPIM BMeCTe COCTABJIAeT JIOJIMHBOPCKYIO CBUTY, M MepeKpbIBaeTCA OTJIO- 
*KCHHAMH 30HBI C Elphidium rischtanicum Bycova, orHocamumuca xK ueraH- 
CKOH cBUuTe. 

Jlannbie 0 BO3pacTe 30HEI C MepBLIM KOMIIeKCOM J\HaTOMOBBIX coriacy1oTca 
C OnpeesteHHeM BOspacTa nO paquoOuApHaM u tbopamuHudepam, BTOpoli xe 
KOMIMI€KC YKA3bIBaeT Ha Coulee MOMOLOM (HM>KHEOMMTOMeHOBLIiT) BospacT coyep- 
*KANLHX CPO OTMOKCHMH, UEM NOKA3bIBAIOT PpaqMOApUH. 

B nactosmeit pa6ote mpi oOcyKaeM MaTepHadbl, KacaloulHecd ropus0HTa 
CO BTOPbIM KOMIIJIEKCOM JHATOMOBBIX, 3QJICPatOllLMM BBILIe KOMIMeKCOB co Spi- 
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roplectammina carinata Orb. u Ellipsoxiphus chabacovi Lipm., c ogHoit crTo- 
pOHLI, H HHu2Ke KommueKca c Elphidium rischtanicum Bycova—c Apyroi. Mure- 
pecylomve Hac COM MpocexkeHbI B CuleLyIOWHX CKBaxKMHaX. Ha BocroKe — 
-s Jlappakckoi 1P (272—346 m), Trimcxoit 1P (94,7—100,4 mM), Ha sanaze — 
iB Kysxenosckoii 1P (10—15 m), Bytkuncxoi 1P (77—80 m), Tiomencxoit 1P 
(102—236 m), TloxposcKolt 2P (219—226 m), Kamencko-Iycenbuukosckol 1K 
(86—143 m), JlyuuuKuncKolt 6K (178—191 m), 7K (211—228,5 m), npoduna 
Hoso-3aumKa — Mimum 5K (224—264 m), I1K (224—299 m), 13K (257— 
281 m), 14K (231—267 m), 16K (260—311m), Ha tore no npodumo Kyprau- 
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Beprxud JoueH 


' Puc. 1. Pacnpocrpanenwe KoMIIeKCOB AMaTOMOBBIX, KPCMHEBPIX 2KTYTHKOBPIX Bofopocuieli, pa- 
(HoAApHA M (popamuHudep B BepXHerasleOreHOBbIX OTOAKEHHAX 3anaqno-Cu6OupcKol HH3MeH- 
HOCTH 110 paspe3saM CKBaxKHH. KommleKc AMaToMoBbIx: J — C Ebria antiqua Schulz nmxnero 
oluronena, 2 — BepxHeso0meHoBbiit. Kommiekc dbopamunndep: 3 — C Elphidium rischtanicum 
} Bycova HwKHero ovHroueHa, 4— MOXoH CoXxpaHHocTH, 5 —co Spiroplectammina cari- 
_ nata Orb. BepXHesoueHoBbiii. Komnsiekc paguossapuit: 6 — Bepxueii paqHONAPHeBON TOMLIN BepX- 
Hero 901eHa 


_ Jle6axpe 6K (72,4—91,7 m), 8K (69,7—86,2 m), 9K (27,2—37,6 m), 16K (91,4— 
95,7 m), 25K (103—107 m), B Oxrs6ppeKon IK (258—287 m), Ha ceBepe — B 
Jleymmuuckon 1P (241—280 m), Mano-ArampimcKux 1K (282—293 m), 3K (178— 
316 m) wu 4K (278—318 M) u B WeHTpaJbHbIXx paiionax — B ApomalleBcKoli 30K 
(285—291 m), Tloxypcexoit 1P (265—410 m), YeatcKoi IP (343—385 m) u Om- 
— ckoit 1P (450—471 o). 

OnuchIBaeMbIe COM BbIfemsIOTCA MHTONOrMYeCKH. OHH XapaKkTepHsyloTCA 
IpH3HakaMH, KaK Obl MepeXOMHbIMH OT JNOMHBOPCKOM K YeraHcKOM CBT: 
3lecb ele MpOABAeTCA OMOKOBHHOCTh, CBOMCTBeHHaA JIOJIMHBOPCKOH CBUTE, 
HO B TO Ke BPeMA MOposbl mpHoOperaror yxKe 3eeCHOBATLIM OTTEHOK, XapakTep- 
HbIi JIA WeraHcKOH CBUTHI. B MWeHTpaJIbHbIXx paiioHax 9TO — IVIMHbI Oeli ew IH- 

“Topble, B 3allaqHbIX HM IOXKHLIX palloHax — TVIMHbl KPeMHUCTHIC H JMaTOMHTHI. 
; Xapaktepublii KOMMeKC BOAOpOcel COCTABAAIOT cuelyiouyve BHI: 3 
KpeMHeBBIX »%TYyTHKOBEIX* — Ebria antiqua Schulz, E. antiqua var. rectan- 
 gularis Schulz (nopogoobpas3yiouyne (popmet), Dictyocha rotundata Schulz 
(He3HauHTeIbHO ycTyMaroulad HM M0 KONM4eCTBY) H HeKOTOPble Apyrue, a U3 
JMATOMOBEIX OcOG0e 3HateHHe mpHoOperaioT Hyalodiscus sp., Stephanopyxis 
marginata Grun., Pyxilla gracilis Temp. et Forti u Hosbtit Buy Pyxilla oligo- 
caenica Jouse. 
Bce maccoppie HW XapakTepHble 90MeHOBbIe BUbI, BCTPedaloulecs B MOwcTH- 
| MajOULMX OTMORKeHHAX, He HCUesaIOT B STHX COAX COBCeM, HO BCTpeyaloTCcA 
| ypesBplualiHo peqKO, Cropayuuecku NO paspesy H eMHHYHBIMH 9SK3eMIVIApaMH, 


sy» 


\ 


* B wacrosuee BpeMA HMeIOTCA MaHHBIe, CBHJICTEIbCTBYIONLHE O 3000rHyecKoli mpHpoze 
30pHil, HO MbI He pelliaeMCA H3MCHHTb CHCTeMATHYeCKOFO HOJOXKEHHA STHX OPFaHH3MOB AO MOdI- 
HOrO BbIACHeHHA Bompoca. 
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TaK UTO B Ka?KJOM OTJeJIbHO B3ATOM paspese (buopa BOLOpocuel BLITIALUT 3Ha- 
YNTeIbHO OeHee, YEM B TpefmMecTByIOMLy!O SNOXy (XOTA B OTJeMbHbIX cy4aAX, 
HanpuMep B JlapbaAKCKOH cKBaxkuHe Ne IP, storo He HaOvuojaetea). OHako B 
oOuleM UTOre COCTaB BUOB OT 90IeHa K pacCMaTpHBaeMOMY BPeMeHH MeHseTCA 
Mavio. 

I[upokoe pacnpocrpaHenve BbILIeyMOMAHYTHIX KPeMHEBBIX 2KPYTHKOBBIX 
BOMOpOCcJieH JaeT HAM OCHOBAHHE BbIJeIMTb BepXHHe CIO BepXHeH paMousapne- 
BOU TOJMLM B OCOOyIO 30HY, HaMMeHOBAaB ee NO JOMMHUpyiomelt (popMe 30HOH c 
Ebria antiqua Schulz. Komruekc ,uaToMosbix 3TOM 30HbI OOHApy2KUBaeT OYeHD 
OOMIbIIOe CXOJLCTBO C AHATOMOBbIMH HWXKHErO TOPH3OHTa XapbKOBCKOrO sapyca 
Ykpanubl, BoponexcKkoh u KypcKoli o6u1., a TakxKe Cc BOJOpOCJIAMM M3 KOpu4- 
HeBATO-INOKONANNbIX MIMH, pasieimAoulMx Ha wre IleH3eHcKol OG. 20NeHOBBIE 
NOPOMbl OT HHKHEOJIMPONeHOBLIX. C 9THMH (blOpaMM HacuuTEIBaeTcA 0 35 06- 
ulMx (OPM, B YMCJO KOTOPHIX BXOMAT BCe MACCOBbIe H XApaKTepHbIe BUIBI. Toun- 
Had aHaJOrMA HaOMMOLaeTCA M B COCTaBe KPeMHEBbIX 2KTYTHKOBbIX BOOpocuieit. 
Ha ocuopaHun 9TOrO MOXHO MpeknoaraTb, YTO CPaBHHBaAeMbIe KOMIWJICKCLI AB- 
JIMIOTCA CHHXPOHHBIMH. HuvKHeOMPOWeHOBLIi BO3pacT 30HBI c Ebria antiqua 
Schulz 6o71buieli OVeBHAHOCTHIO NOKASbIBAeTCA ee H TeM (akTOM, 4TO B nOsCTH- 
AaIOWMX STY BOHY COAX PAaCMpOcTpaHeH KOMIJIeKC JMATOMOBLIX, BepXHe3ol[e- 
HOBbIM BO3PpaCT KOTOPOTO XOpOUIO NOLTBepxAaeTcA CpaBHeHHeM ero c aHaso- 
THYHbIMH BeEpXHEIOUCHOBLIMH (JlOpaMH BOLOpocuielt H3 Kanucopuuu (4) u iLBe- 
uuu (*), HMelouHMH c HUM WO 60% o6mNx BuzOB. 

Ilo smToiormM paccMaTpHBaemasl 30Ha OwM2Ke K UeraHCKOli cBHTe, UeM K 
JHOJIMHBOPCKOH; MOITOMY Mbl CUHTAeCM MIpaBHJIbHbIM TMepeHecTu ee H3 cocTaBa 
JOJMHBOPCKOH CBHTbI — B 4eraHcKyto. 

lO. X. JIunman u A. H. Pop6oney no KomnaeKcy pagquoispun c Heliodiscus 
lentis Lipm. orHocsaT ee k BepxHemy 90UeHY, a 10 JMTOJOPMH — K JIOJIMHBOp- 
CKOW cBuTe. Hecmorpsi Ha To 4TOo 3yecb nouTH OTCYTCTBy!oT (opamuHudephl, a 
eMHHYHbIC HAXOLKU 9OIeHOBOK Spiroplectammina carinata Orb. (Jleyumuckaa 
IP, 270—280 m) wu Elphidium rischtanicum Bycova, XapakTepHoro B 3anagHoii 
CuOupH [Wit HW KHEONMTONeHOBLIX OTMOKeHUM (YBatcKan IP, 4343—385 m), 
cKopee yKa3bIBaloT Ha MepeXoHbI XapakTep cj10eB, Bce xe M. B. YiaKona 
OTHOCHT HX TOKE K BepXHeMY SOLeHY HM JIOJIHHBOPCKOlt cBuTe. 

Kak YyKa3bIBaJl0Cb BbILe, B J{MaTOMOBOM KOMIIIeKce TaKxe 4YBCTBYeTCA 
CHJIbHOe BJIHAHHE BepXHESONeHOBO! dvIOpEl. 

Jit OOOCHOBAHMA rpaHHll STHX JBYX MOLOTIeI0B TPeTHYHOM CHCTeMbI MBI 
AOMOMHUTEbHO MpHBJeKaeM APpryMeHT TeKTOHHYeCKOrO nopayKa, BbIABHHY THI 
A. JI. Anumupm (7). [lo qannpm storo HCCJeOBATeJIA, IONWeCH HM OJMTOLeH Ha 
OOLIMPHEIX MpOCTpaHCTBAaX ABJIAIOTCA He YCJIOBHBIMH, a CCTECTBEHHBIMH Hospas- 
Jee@HHAMH TPeTHYHOK CHCTeMbI. OTH Ba osoTIena pa3srpaHHyeHb INOXOli 
KPYINHbIX TCKTOHHYeCKHX [BHYKCHHM UW BeCbMa 3HAYHTEVIbHBIX layleoreorpacpu- 
“eCKUX H3MCHeHMM, PaClpOcTpaHABIIMXCA Ha OombUTyIO “acTD Esponbt 4 npu- 
Jeraiouye yacTH Asvv. B cBa3v c norpyxeHuem TepManuu u Tlonpum no- 
nepek Epponbt oOpasopasica mponus, 10 KOTOPOMy XOJIOLHbIe BOLI CeBepHoro 
MOpA NPOHHKJIM Ha TeppuTopuio Ykpauupl, CepepHoro Kapkasa u Tosonxpa. 
Baaroqapa SsTHM W3MeHeHMAM TpeKpaTHsOch OTMOXKeHHE KapOoHaTHBIX HOB, 
KOTOpbIe Obl pactpocTpaHeHLI Ha 3HauNTebHOit MWIOWULAIW CYULeCTBOBaBLIero 
3Aecb B BEPXHEM S0lleHe 3anHBa Cpegu3emHoro mops. Bmecto 3THx OCaKOB BO 
MHOPUX MeCTaxX HavaNH OTJaraTbCA KpeMHUCTHIe MOpossl. 

TakuM o6pasom, 3ajaua TOuHOrO MpoBeyenusA rpaHHIbl 9OlWeHa HW OMrOUeHa 
CBOJMTCH K HSY4eHHIO MCKONaeMOH (pOpbI H AM TOMOrMYecKoro cocTaBa MOpon Mist 
YCTAHOBJICHUA CJIOCB, OTJOXKEHHE KOTOPbIX COOTBeETCTBOBAJIO MOMeHTY BO3HHK: 
HOBCHHA NPAMOTO MOPCKOrO COOOULeHUA HalHX TPeTHYHEIX OacceliHoB u 6ac- 
ceHos CeBepHoit ATaHTuku uepes Tepputopmio lepmanun u Tou. K cnosm, 
BOSHUKHIMM B Tl€pHO, TEKTOHMYECKUX JBHXKeEHH Ha rpanuue 201NeHa HM OnUro.- 
weHa, Ha YKpanHe OTHOCATCA OTNOKeHUA XaPbKOBCKOM CBHTbI, pecTaBien- 
Hble TIMHaMM, KPeMHHCTBIMM, 3esIeHOBaTO-cepbIMH, H rlayKOHUTOBBIMH ToOpo- 
WaMH, 3ajieraroulMMH Ha MepreaAX KHeBCKOL CBHTHI. 
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O6 o6ujHOcTH Maueoreorpaduyeckux yCNOBHH HaKOMJICHHA XapbKOBCKON 
CBUTbI B Mpefenax Esponelickou uacra CCCP mu ormoxKenHi 30nbI c Ebria an- 


tiqua Schulz B 3anaqHo-CuOupckoH HASMeHHOCTH CBJeTeJbCTByeT 3HaunTeJIb- 
“HO€ CXONCTBO BOAOPOCMEBLIX KOMINIEKCOB, a Take CXOJHbIN sMTONOrMuecKHit 
coctaB mopox. BcnefcTsue 3TOrO MbI BIpaBbe 3aKJNOUNTb, TO 30Ha Ebria anti- 
qua Schulz orHocutca k HMxKHeMy ONMTOMeHy M 4TO rpaHula MexKLy HAM H 301[e- 


HOM MpoliseT 10 nosomBe yKasaHHOM 30HbI. BosBpamjanch K yHUdpHLMpoBaHHon 
cTpaTurpaduueckoll cxeMe, MbI HaXOJMM, 4TO pacuieHeHHe BepxXHeH paMousA- 
pHeBOu TOMI B He OTpaxeHO He TOUHO. Hescuo, Kakow oObemM npuyaetca 
30He co Spiroplectammina carinata Orb.: OOHuMaeT JIM OHA B LesIOM BepXHIOIO 
paqMolApveBylo TOJLY WIM MpHHATA BY3KOM 3HaYeHHM NO paciipocTpaneHulo 
co6cTBeHHO Spiroplectammina carinata Orb. B cnucke aynbi MU Popbi, NpH- 
BOJMMOM JIA ee OOOCHOBAHUA, OTCYTCTBYIOT JMATOMOBbIe H AKTYTHKOBbIC BOJO- 
pociH, a TakxKe pacipocTpaHeHHbIi BMecTe C HUMH Heliodiscus lentis Lipm. 


Sro Tem Gomee HENOHATHO, UTO B TepekpblBalonlel ee YeraHCkOM CBUTe HHKHHE 


CJIOHM OTHECeHbI K BepXHeMY SOIleHy, XOTA JIA HUX He IIpWBeeubl KakHe-1H60 


oco6nie (bOpMbI (ayHbI U *Opbl NO CpaBHeHHIO C BbILMeNeK Alen, HECOMHEHHO, 


OJMPOMeCHOBOH 4aCTbIO 9TOM CBHTHI. 

Uto mpelcrapisioT codolt BepXHesOMeHOBble COU YeraHCKON CBUTbI, OCTAeTCA 
HeH3BeCTHLIM. ByjeT COBepiIeHHO MIpaBHJIbHbIM CUATATh HX 3OHOM C Ebria an- 
tiqua Schulz c nonpasKoii Bospacta Ha HMxKHH O/IMroNeH™. 


Cu6upeKuii HayuHo-HCcesoBaTeIbCKHli MHCTHTYT § Tloerynuio 
reovJiorHH, reocbH3HKH H MHHepaJbHOrO CbIPbA 21 VI 1960 
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* Bpilenenue aBTopoM B masleoreHe Sanagnoli CHOu“pH XoOpoulo MpocilexKuUBalolleroc A Ha 
6ouIbIUIHe paccTOAHMA TOPH30HTA C OCOOOK (blopoit %TYTHKOBbIX H [MaTOMOBBIX BoJopoceH HMeeT 
6ollbiloe BHaYeHHe WIA cTpaTurpaduyecKoro COMOCTaBeHHA Paspe30B, MOCTPoeHHA CTPYK- 
TYPHbIX KapT HT. J. []peqctaBu ArT HHTepec cooOpaxKeHHA aBTopa 0 BOspacTe 9TOrO FOPH3OHTAa. 
OnHako MocmeqHHit BOMpOC OTHIOMb He MOXKET CUHTAThCA PCIICHHDIM. Befb aBTop oCHOBbIBaeT 
CBOH BbIBOAbI PlaBHbIM OOpa3s0M Ha CXOJICTBE BoJopocseBoll (propel cloesp ¢ Ebria antiqua i 
XapbKOBCKoil cBuTEI YKpanubl. OnHako cTpaTHrpaduA MoclesHe elke HeAOCTATOUHO ACHA, H 
He HCKJIOUeHA BOSMOXKHOCTb, ITO K Heli OTHOCAT COM, B ACHCTBHTEMbHOCTH HMCIOWIHE PasHbIn 
pospact. B yacTHOCTH, KpeMHHCTO-rlayKOHHTOBbIe MOpobl Ha BocToKe YKpaHHbI, 43 KOTOpbIxX 
omucaHa «xapbKoBcKam» (plopa BoJopocueli, 10 MHeHHIO pAfla HCCeLOBATeIM don OG PKnHYeHKO, 
[. Il. Jleonos, 1O. I. Huxuruna, B. II. CemeHos), MpescTaBsIAI0T CoOoI0 (allio BepXHeH YaCTH 
(bopamuHHdeposplx Mepredelt Cesepooro Kapka3a H, CleqoBaTeIbHO, OTHOCATCA elle K 901eHy. 
Kpome Toro, OAHMHaKOBbIit KOMIVIeKC %KTYTHKOBHIX H J\MaTOMOBEIX BOAOPOCIeH MPH CXOACTBE Na- 
JeoreorpaduyecKHx yCJIoBui Mor CylleCTBOBAaTbh Ha Ykpaune u B Sanaqnol CuOupH B HeCKOVIb- 
KO pa3JIH4HOe reoJorMyecKoe BpPeMA. 

Jiu Oonee etastpuble paOoTbI No H3y4eHHIO HCTOPHH PasBUTHA PAasHYNbIX PP YI vuckKona- 
emoii (payHbI H (plOpbl MaseoreHoBbIx 6accelinos CCCP MoryT OKOHYAaTeIbHO PelHTh BOIIPOc O 
Bospacte cJloep c Ebria antiqua 3anamno-Cu6upCcKoH HH3MeHHOCTH. A. JI. Anwun. 


12* 1179 


loxxayn Akagemun nayx CCCP 
1961. Tom 136, Ne 5 


PEOJIOTHA 


Uvex-Koppecnonyent AH CCCP A. Fr. BOJIOr HH 


APXEOUMATOBbIE TA®OILEHO3bI KEMBPHS 
BACCEMHA PEKH OVJIbIHbI HA BAMKAJIbBCKOM HALOPbE 


Co BpeMeHH OTKPbITHA OCTATKOB apXxeolHaT KeMOpua B 1933 r. no p. Ongpin- 
Ae STOT pavoH MocemlasicA MHOTHMH MCCeMOBaTeAMU, KOTOPbIe ycrlenHO OTKPbI- | 
BaJIM HOBbI€ TOUKH C OCTATKAaMM (bayHbl M HayaIM paspabaTEIBaTb cTpaTurpaduio 
KeMOpHMicKHX OTNOKeHHH paliona. Kak u3BecTHO, paHbie B mpeflenax Batikanp- 
CKOrO HaropbA KeMOpHlicKHe OTMO*KeHHA axe He npeqnomaramucy. Bce cOopbi 
(payHbl apXeoWuaT NocrynamM B pyku aBTopa. B Hacrosmee BPeMA TlaJleOHTO- 
loro-cTpaTurpadpuyeckoe H3yueHHe KeMOpuaA 9sTOrO paliona Ip OABHHYJIOCb 
BeCbMa CYINCCTBEHHO HM eFO Pe3YJIbTATHI HbIHe MOFYT OKA3aTb CYIMeCTBEHHYI0 10- 
MOUKb B BbIACICHHM aHaJlOH4HbIX OOpasoBaHUli KaK B CMEXKHBIX YACTAX HATOPbA, 
rak HW B MpHseraioujuX K HeMy COCeqHUX TeOTeKTOHMYeCKHX O6sACTAX. 

Ilo MaTepuanam cOopos skcnegunuu 1933 r., cOopos A. K. Tycesoii 1945 r. 
u cOopos A. H. Byaratopa nocnequux ser, MOHOrpaduyecku oOpa6oTaHHbIM 
ABTOPOM, a TakxKe Ha OcHOBe WaHHBIX A. H. Byararosa no CTpaTurpadun Kem- 
Opua Oaccelina p. Onypmgpi, paspes (CHH3y BBepx) MpegcTaBasercs B culeqyto- 
uleM BHJle: 

1. Tlecuanuku KBaprMToBHAHEe, Cepble H CBeTJIO-cepble, C MpocioamH u 
NHH3AMM TpaBeAMTOB, COCTOALIMX W3 OOJOMKOB KBapia. 

2. [lecuaHuku ceppie, cBerso-ceppie 1 TeMHbI€, WeCdaHHKH KBapILMTOBHHbIC 
© MPOCAOAMH HW JMH3aMH BHYTPMPOpMalMOHHBIX KOHTOMepaToB. TamtbKa nec- 
WaHUKOBad, JO 10—15 cm B nonepequuke. 

3. Tlokposuple adbipy3uBbi HW 1x TY@bI, MepecOeHHble C TEMHBIMH UW 3e/IeHbIMU 
ClaHaMu. Oppy3suBbi MpeMMynlecTBeHHO OCHOBHOrO cocTaBa. ..... .. ; 
i a ee are On eo, LEO 

4. V3pecTHaku MaccHBHBIe u OpekuneBuyHble, MepemMexarouneca c rpy6o- 
OOJIOMOUHBIMH BHYTPHcopMaltHOHHBIMY KOHTVIOMepaTaMH, COCTOAUIMMH 3 Publ6 
H BalYHOB W3BECTHAKOB KpynHoro pasmepa. B Bepxax peoOalarT cBeTvbIe 
M3BecTHAKH. MoujHoctTb sto nayku 30—40 m. B OOJIOMKaX H3BECTHAKOB, BKJIIO- 
4CHHBIX B KOHIIOMepaTbl, H B KapOoHaTHOl xKe IeMeHTHp ylomlelt Macce ycTaHoB- 
CHO paclipocTpaHeHve OCTaTKOB apxeounaT u BoAopocueH KemOpua. Ilo npex- 
HUM OMPeeeHHAM aBTOpa 3feCb ObLIH YCTAHOBJICHLI: Ajacicyathus sp., A. cf. 
intracostatus Vologdin, Coscinocyathus sp., C. digitiformis Vologdin, C. dian- 
thus Bornemann, C. kidymiticus Vologdin, C. cf. elegans Vologdin, Archaeo- 
fungia sp., Tersicyathus sp. 

B cocrase monorpaduyeckn HSY4eHHbIX (opM BbIABJeHEI: Archaeolynthus 
sp., Arch. burgastaiensis Vologdin, Arch. copulatus Vologdin, Vacuocyathus 
callosus Vologdin, V. levis Vologdin, V. sp., Ajacicyathus arintschensis 
Vologdin, A. aff. flexus Vologdin, A. artecaveatus Vologdin, A. cf. artecave- 
atus Vologdin, A. dwigthi (Walcott), A. tomicus Vologdin, A. moori Volog- 
gin wu Op. 

Ilo matepuaam Komieknnw A. K. DPycesoii ABTOPOM OTCIOqa Obl onpele- 
CHL OCTATKH CHPOHHUKOBEIX BOROpocaell HB OOMbUIOM KOJIMUeCTBE BHJIbI SIIH- 
(UTOHOBON cbaops! (Kpacupie BONOPOCJIM), YTO MO3BO/IMO B OOILeM IpocuiequTb 
CBASH Bcero TatoweHo3a co MHOrHMH paloHamMM pacnpocrpaHenua HuxHero 
1180 : 


KeMOpHA OT O. CapfWuHuA Ha JasleKoM 3anagze u fo Cuxors-Anuna. Muorne 
OpMbI OKa3zaJIHCb OOWIMMM C MecTOHaxXoxwKeHHaAMu Casaupa, Ky3Hemkoro Aua- 
tay, 3anaguoro u Boctounoro Casnos. B 1960 r. apropom no cBexKuM cOopaM 
A. H. Bysratopa u3 Toro xe TOpH30HTa JONOMHHTeIbHO BbIABJeHEI: Ajacicya- 
thus multiseptatus Vologdin sp. n., Loculicyathus aff. tolli Vologdin, Taylor- 
cyathus sp., Labyrinthomorpha cf. tolli Vologdin, Poletaevacyathus sp., 
Rugosa — Archaeophyllum sp. (? A. aff. edelsteini Vologdin), Pteropoda — 
“Hyolithes sp., Algae (Rhodophyta) — Epiphyton sp. (sp. n.). B pesy.prate 
“9Toro B 4-H Mauke yCTaHaBJIMBaeTCA HellocpefcTBeHHaA Maseoreorpaduyeckan 
M CTpaTurpaduyeckad CBA3b C patoHom 7. Kameuiku Ha 3amalqHOM CkKJI0He Bo- 
cTouHOrO Casha MW pxyoM Apyrux pationos CuOupn. 
_ 5. Odty3uBbl KucOrO H OCHOBHOrO cocTaBa H UX TYydbI, HaOmoaempIe B 
Buepecmavpanwy. . . . . . 1 wo. O6uyan MoujHOcTb B 60—70 mM. 
6. TlecuaHuku 3eJeHble, MepecsanBaroulvecaA C MecCuaHUMCTbIMH UW TIMHUCTbIMU 
WET << go ee ea . MomxHoctp 100—200 om. 
7. VisBecTHaAkH TO CBeTJIble, TO TeMHbIe, IATHHCTbIe C OCTATKAMH apXeolna’, 
‘iITeponof) H KpacHbIxX BOfopocueH, mpescTaBeHHbIX Bugamu: Ajacicyathus 
roskuriakovi Toll, A. sp. (sp. n.), Coscinocyathus dianthus Bornemann, 
‘C. cf. elongatus Vologdin, C. cf. corbicula Walcott, C. sp. (sp. n.), Loculicya- 
Wthus tolli Vologdin, L. sp., Archaeocyathus cf. atlanticus Billings, Arch. sp., 
Tabulacyathus sp. (? sp.-n.), Rhabdocnema sp., Hyolithes sp., Algae — Epi- 
phyton fasciculatum Chapman, E. sp. (sp. n.). 
Hecmotpsx Ha 3HauHTesbHO Oosee BbICOKOe CTpaTHrpatuyeckoe MOORKeHHEe 
“oTMeveHHOrO TacbolleHosa, OH COXpaHAeT 3HAYHTeJIbHYIO CBA38b C OTMe4CHHbIM 
‘s 4-H mauKke, a Takxe HM C pAJOM MecTOHaxoxeHHH Bocrounoro u SanazHoro 
CasxtHoB, B 4aCTHOCTH HM C KaMelIKOBCKHM TopH30HTOM. Hasimune cBoeoOpasHbix 
tbopM, IpHTOM BeCbMa MHOFHX, OTCYTCTBYIONJMX B KaMEeIIKOBCKOM TOpH30HTe, 
\3acTaBJIAeT CUMTATb, UTO TacboleHO3bl 4-H NaukH, KaMeWIKOBCKMH HM 7-H Madku 
“WMEIOT CAMOCTOATEIbHOe MOO*KeHHe B Paspese HHXKHETO KeEMOPHA, HMCHHO B TAa- 
“Koi ux nocmeqoBaTembHocTH. IIpH 9TOM B BO3pacTHOM OTHOWeHHK 7-A ma4Ka 
“SBHO TATOTeeT K CAMBIM HH34M TOPFallIMHCKOM CBUTbI, KOTOpble y reooroB Kpac- 
“HOAPCKOFO Kpad NomyanNM ocob0e Ha3sBaHHe «6asaMxXHHCKOrOy ropusouTa. AB- 
‘TOPOM HM eFO COTPyAHHKaMM U3 Ci10eB 6a3auxHHcKoro ropu3oHTa B 1960 r. Cco- 
‘O6paHbt OOHILHbIe HOBbIe COophi, YTO MOSBOJIAET PACCUMTHIBATb Ha TO, YTO BOMNPOC, 
BEPOATHO, YUACTCH paspelINTb OKOHUATEbHO. 
'  Monocts ropusonta, um 7-fi nauku, A. H. Bysraros onpeqesset B 10— 
20 M. 
8. VispecTHAKH CBeTJIbIe, MACCHBHbIe, JIMINeHHbIe BAMMbIX OCTATKOB (payHbl 
7  ( n . MomHoctp Zo 100 M. 
Ha 9ToM pa3spe3 KemOpua Oaccelina p. OJIbIHAbI H 3aKAHYHBACTCA, XOTH HE HC- 
KJIOUeHA BOSMOXKHOCTS, UTO B YCMOBUAX CHHKMHOPHeB B COCeHUX paiionax baii- 
KaJIbCKOrO Haropba OyfyT OOHapyxKeHLI H Oomee BbICoKHe con. Jn pavona 
p. Auryy sto yxe ycravosexno JI. HW. Canonom no reomormuecKUM JaHHbIM 
“‘AaBTOPOM — M10 aHHbIM H3yY4eHHA OOMIbHBIX MaseOHTOJOrM4eCKUX MaTeEpHaJIOB 
; 12 i 
Pi paOote aBTopa, MOCBANeHHOH pe3yJIbTATaM H3YYeCHHA TMaJICOHTOJOPHYe- 
CKMX MaTepHaioB u3 OaccefiHa p. Butuma (*), BlepBble HHKHMM M CpeqHHH 
KeMOpuit HarOpbsA MoMyUMJIM OTHOCHTeNbHO ApoOuoe cTpaTurpaduyeckoe JeTe- 
Hue Ha 30nnl. B qambHeltmem (7) B «cHOupeluaTOBOM» 30He OTMeUeHbI eule TPH 
BUA STMOUIOB, A Hee XapakTepHbIX. [Ip BbIeeHHH STHX 30H ObIIH HC- 
TOIb3OBaHbI UH MATepuasbl MO TpusoOuTaM. 
| ConoctaBsieHve JaHHbIxX OacceliHa p. BUTHMa C OTMC4CHHBIMH BbIINe [1A 6ac- 
cefiua p. Ong mosBousert 4-10 MaukKy yBepeHHO OTHECTH K BepxHeH ANTY- 
acnucoBoi 30He aBTopa. Mexay Tem, TadoeHos, oOHapyxKeHHBI B 7-H TMay- 
ke, He Mogylaetca TOMHOMY COMOCTaB/IeHHIO C KaKMM-JIMOO 3 BbIJeJICHHBIX B 
accelive p. Butuma. Cuvtasch c mpeycTaBleHweM O AocTaTOuHO AeTAvIbHOM 
 TpocuexkuBanMM paspe3a HMKHero KeMOpHsA B 6acceliHe p. BuTuma, C MOMOIIbIO 
| MasleoHTomorMdeckHx MaTepHasioB 7-10 MauKy, C e€ apXeol{MaTO-XHOMTO-BONO- 
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PpOCJIeBbIM TacPOleHO3OM, MOXKHO CUHTATb IIpHMepHO COOTBeTCTBYIOMeH TYOKO- 
BOLopocieBoih 30He pahoua p. IIpaporo MamMakaHa HM YaHCesOpHeBo 30He 
OacceiHa p. Auryf. Onupasch Ha JaHHble O BosOpocAX, 7-10 Nayuky MOxKHO 
ckopee BCero CONOCTABHTb Cc NepBoH 30HOM -— ry6KO-BosopocieBoH. Ilo oTHo- 
WICHHIO K Hel TadoueHo3 7-H MaukH OKa3bIBaeTCA BUKapHpyrouluM. Ero MoxKHO 
Ha3BaTb JIOKYJIMMHaTOBbIM. 


Ta6auntha 1 


Kopperauna MaJICOHTOJIOPHYeCKUX 30H 


Bacceith p. On- 


Orgeupt Apycol AbIHbI 


Baccetiu p. Buruma 


Cpequul KemOpuit AmruncKkuli TOHKHHeIIOBAaA 
Opuxkrtonedatopan 
BepxHvAa BOosopocmeBan 
KyTeHvesoBan 


Pein XHHORB AA 
Cu6upeunatTopal 


Huxuni KemO6pui | Jlenckui JlokymumnatoBpan | Yancenopuenaa 


I y6ko-Bofopocaepan 
XMOJATOBAA 


Bepxuaa auryfacnucopan 
Anyauckuit 


Oz3arnepan 
Cpequaa Auryqacnucopaa 
Haxuaa auryjjacnucopaa 


Konenekanckuit MamakaHckaa TOMA, MoKa 
Ha 30HNbI He pacyIeHeHHaA 


IIpovsBeleHHbIH BbILIe aHaMs CTpaTurpadpuyeckoro 3Ha¥eHHA apxeorMaTo- 
BbIX Ta*OleHO3OB MOKAasbIBaeT, YTO HanOo/lee ApOOHOe pacuseHeHHe BMeLLaIO- 
IMMX OTJIOXKEHUH TWOsyYaeTCA Tp MACCOBOCTH COBMeCTHO HAaXOJLMMBIX cop. 
Gem komiuiekc Oobie, TeM KOpoye BOSpacTHOM JMala30H BMeULaOMleH Wauky — 
UJIM CJIOA, HO, KOHEYHO, TIpH NpeedbHO TOUHOM oOnpefeleHuH cop. 


Axayemuu Hayk CCCP 19 XI 1960 


IIUTMPOBAHHAS JIATEPATYPA 


(a. l, Bonorgun, JAH, 121 Ne 4 41958)5) eer BO Om mt mH) A el 2oR 


| 
[JateontosornuecKHit HHCTHTYT {locrynuio 
Ne 5 (1959). 
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Jjoxkxagm Akayemuu nayx CCCP 
1961. Tom 136, N35. 


FEOJIO[HA 


HW. T. KYPABJIEBA uw JI. H. PEMHHA 


-O CONOCTABJIEHUN HM)KHEKEMBPHACK HX POPH30HTOB 
CAAHO-AJITAHCKON OBJIACTH HU CHBHPCKOM MJIAT®OPMbI 


(IIpedcmasaexo axademukom H. C. Mlamckum 17 VI 1960) 


B reocHHKIMHaIbHOM HWxKHeM KeMOpHu tora CxuOupn B mociegqHue Tobl 
TBEPAO YCTAHOB/MeH MOCMELOBATeIbHBIH Ps, KOMIIJICKCOB TPpHMOOMTOB UH apXeo- 
WMaT, COOTBETCTBYIOLINX CJIELYIOULHM FOPpH3OHTAaM (cHu3y BBepXx): O6asauXCKOMy, 
CAHAINTHIKTOJIbCKOMY, COJIOHLOBCKOMy H OOpy4eBcKoMy (22,3). Tlomo6naa © 110- 
CyIeOBATEJILHOCTb FOPH3OHTOR, XOTH MH OCTapHBaeMasl lO CHX MOP HeKOTOPBIMH 
apTopamu* (1°), MpoBepeHa Ha MHOPOYMCJICHHbIX paspesax BoctrouHoro Hu 3a- 
nagnoro Casnos, KysHemxoro Anatay, Popxon Iopuu u Anran (?~°, °) 4 
celiuac yxKe COMHeHHi He BbISBIBaeT. OLHAKO ComOcTAaBeEHHe YMOMAHYTHIX BBIINC 
TOpH30HTOB C HWKHeKeMOpHiiCKHMM TOPpH3OHTAaMH CuOupceKol naatdopmpt (°) 
IO MocesHero BpeMeHH OplIO HeLOcTaTOUHO YBePeHHbIM. 

Jiumb B OTNOKeHUAX OOpyteBCKOorO HM eaHCKOrO TOPHSOHTOB aBHO Obl 
W3BeCTHBI OYeHb OWIM3KHe KOMIVIeKCbI TpHOOMTOB M apXeOWHAT, MO3BOVIAIONIHE 
JOcTOBepHO MapasieNU30BaTb UX MexKLy CoOolt. Ilo apxeomMaTaM XOpoulo Co- 
HOCTABJIAIOTCA COJOHMOBCKUM TopH30HT 1ora CuOupH Hi KeTemcKult CudupceKon 
naiaTpopMbl. Hwxkesexkauiwe rOpu30HTbl uiaTopMbl HM wora CuOupH Ao NWocwes 
Hero BpeMeHH COMep2xHAT OUVCHb MaJIO o6uyux tbopm. Ilostomy Kaxkan JOMOIHH- 
TembHad HAXolKa lmaTpopMeHHbIX (popM B COCTaBe TeOCHHKJIMHAJIDHbIX KOM- 
HWIeKCOB HIDKHerO KeMOpus mpHoOperaeT HCKMOUHTeEIbHO BaxKHOe SHATCHHE: 

Tlomeppie HcculeqoBaHuA, MpOBeeHHbIe JIeETOM 1959 r. UV. T. Kypasneson 
copmecTHo c JI. MW. Mycarospm (*) B DaTeHeBckoM Kps2Ke, atoT HOBbIM MaTe- 
pad MO paccMaTpHBaeMoMy BOIIpocy. 

3necb, B 6—-8 KM K CeBepy OT I10C. Borpayl, H KpylHOM MaccHBe H3BeCTHAKOB 
HiKHero KeMOpuA (CompmieepOnHcKast CBUTAa) JOBOJILHO OTHeTHBO BbIPHCOBBI- 
paetcd OTMeueHHaa BrepBbie JI. M. MycaTosbim npocrad CHHKJMHAaIbHan ckKaq~ 
Ka WIMpoTHoro MmpocTupaHus. B mpesetax ee ceBepHoro Kpblia (CeBepHBIH pas- 
pe3) HaGmMofaerca CuleLylouad MOCMeLOBATeABHOCTP HamlacToBaHHa (CHH3y 
BBepX): 

1. CBetmo-cepble H pO3O0BaTble, MACCHBHbIe, PerKe — 6pekuHpoBaHHBle U3- 
ReCTHAKH C OCTATKAMM BOOpocuelt (OHKOMTH JO 5 CM B nomepewHuKe) UM eH- 
HHUHBIMH Opaxuvomoyamyu (?). BAMMast MOIIHOCTb 6onee 300 m (ocHoBaHHe HE 
BCKDPBITO). 

9 PosopaTHle H3BECTHAKH C OHKOJIMTaMH HOCTeMeHHO CMCHAIOTCA cBeTJIO- 
CepbIMM MACCHBHBIMM H3BeCTHAKAMH C PeAKHMH Epiphyton. Buyumas MOu,HOCTb 
40 M. 

3. TemHo-cepbie, 3aTeM “epHbie, MaCCHBHbIC Hi iuTuaTEle H3BeCTHAKH. 
B mauTaaTpix pa3HOCTAX BCTPedeHbl Bulaiaspis taseevica. Rep. u MaccoBbie 
Olenellidae, orHocamiHecat K HOBOMYy POAy Fallotaspidella Rep. Buqumaa Momt- 
noctp 100 M. 

4, CBeTm0-cepbie MACCHBHble TOHKOKPHCTAWIMGTCCKHE W3BeCTHAKH, C pey- 
xumu Epiphyton. Momoctb 400—450 M. 


* Bospact caHalTHIKroubcKoro! ropH30uTa To CXeMaM A. T. Bonorauua (1) u A. I’. Cuso- 
pa (°) — cepeqHHa HH BepxH CpeAHero KeMOpHsaA; O6pyyeBCKoro — HHSbI cpeqHero KeMOpHa. 
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5. CBeTJi0-cepble, MaCCHBHbIe, MecTaMH cylerKa OpeKuMpoBaHHble H3BecTHAKU 
c Epiphyton u apxeoyuatamn: Archaeolynthus solidimurus (Vologd.), Archaeo- 
lynthus sp., Ajacicyathus khemtschikensis (Vologd.), Ajacicyathus? sp. n., 
Robustocyathus gen. et sp. n., Ethmophyllum sp., Ladaecyathus? sp. n., 
Coscinocyathus dianthus Born., Coscinocyathus sp., Formosocyathus sp. 
n., Thalamocyathus sp., Clathricyathus? sp., Szecyathus cylindricus Vologd., 
Szecyathus sp. MonyHoctp no 200 m. 

Tpuso6uTst cos 3 Obi BrepBble Haliqenn P. B. KapnuuckuM; Biocuiel- 
CTBHM COopH NoBTopsMcb B. JI. TomammospeKoli, a netom 1959 r.— A. HW. My- 
caToppiM (*) uM. T. Kypasnesoli. Cnou 1—3 KPYyTO ayjaroT K ory, c yraamu 
nayqenua 20 70—80°. Ha qpyrom 1ox%KHOM Kppine CHRKIMHAAH (IOKHBI pa3s- 
pes) COM MpocnexkeHbl cHH3y BBepx: 

1. MspecrHaku yepnxpie, mauTuatue, TOHKOKPUCTaJIM4ecKHe, JIMIWeHHbIe 
OpraHHyecKuxX OCTATKOB. . 

2. Uspectuaku nosiocuatTpie TeMHO- Hi CBeTJIO-Cepble, MeCTaMH OKpeMuHesible 
¢ apxeoumatamu: Archaeolynthus sp.. Ajacicyathus sp., Coscinocyathus? sp. 
BuyumMasz momnoctp 150 m. 

3. MaccuBuble posopatsie u CBeTIO-Cepble M3BecTHAKH c Epiphyton u ap- 
xeouMatamu: Archaeolynthus sp., Ajacicyathus sp-, Loculicyathus sp., Ethmo- 
phyllum? sp., Coscinocyathus? sp. Bugumasa MOI[HOCTbh HX cBbIe 200 M. 

4. Uepubie u TeMHO-cepble MNTYaTbIe H3BECTHAKH C apxeounaTamu: Ajaci- 
cyathus sp., Archaeolynthus sp., Robustocyathus sp., Coscinocyathus Spy 
Urcyathus? sp., Thalamocyathus howelli (Vologd.). Buaumast mourHocrs oKoy10 

O M. 

5. CBerio-cepbie MaccuBHbie TOHKOKPUCTAJWIMYeCKMe M3BECTHAKH C apxeo- 
wuatamu: Archaeolynthus nalivkini (Vologd.), Archaeolynthus cf. tubexternus 
(Vologd.), Ajacicyathus khemtschikensis (Vologd.), Ajacicyathus amplus 
(Vologd.), Robustocyathus? sp., Ethmophyllum sp., Lomlicyathus membrani- 
vestites Vologd., Tercyathus sp., Clathricyathus? sp., Coscinocyathus chomen- 
tovskii Vologd., Coscinocyathus sp., Clathricoscinus sp., Asterocyathus sp., 
Thalamocyathus sp., Dictyocyathus cf. tuvaense Vologd., Protopharetra 
ertaschkense Vologd., Batchatocyathus sp., Szecyathus sp. H TpHaOOnTaMn: 
Alataja sp., Poliellaspis sp., Bonnia Sp-; BCTpeyeHbl MHOrouncseHHpie Epi- 
phyton. Buzumasa MOHWIHOCTb H3BeECTHAKOB cBbIe 600 m. 

Ca10n 1OXKHOTO KPblla NalaioT K CeBepy H CeBepo-sanary, c yruiaMu mayenua 
50—80°. 

Hspectuaku coes | u 2 tomnoro paspesa He BCKpbITHI B CeBepHOM ¥ HajcTpan- 
BaloT paspes KHu3y. ApxeoumaTel u3 cos 2 1 3 }ORKHOrO paspe3a COOTBeTCTBYIOT 
o0eHeHHOMy Oa3sauxcKomy TOpH3OHTY tora CuOupu. Ha cesepHom Kpbiwle B HH- 
3aX paspesa apxeouMaTEl oTcyTcTByioT. UepHbie u3sBecTHAKH co” 3 ceBepHoro 
KPblJia CofepxaT Bulaiaspis taseevica Rep., pyKoBossuyto (bopmy Tom6auan- 
CKOPO rOpH30HTa JIeHcCKOrO sApyca. Tor xe coli (c 4 loxHOrO KpbIa) Ha 1OxKHOM 
KPbIJ€ CHHKJMHAaIH OXapakTepH30BaH apxeormaTamn OasauxcKoro ropH30HTa 
ora CuOupu. 

CBeTs10-cepble MaCCHBHBI€ W3BeCTHAKU COeB 4 u 5 ceBepHoro Kpbiia Hw con 
5 1OXKHOFO Kpbla, clararoue APO CHHKJIMHAJIM, Ha OCHOBAHHH BCTPeualoNHXxca 
B HUX OCTATKOB apXeOlMaT HM TPHIOOMTOB JOUDKHBI COOTBETCTBOBAT M10 BOspacTy 
CaHAalITEIKTOJIbCKOMY TOPH30HTy JeHCKOrO apyca HWxKHero KemOpua. 

H310x%KeHHBIe BEIMe WaHHBIE YTOVHAIOT MIPeLIOXKeHHY!O paHee aBTOpaMH COB- 
MecTHO c B. B. Xomentoscxum CXEMY COMOCTABJEHHA MaTPOPMeHHIX H reo- 


TOPH3OHT B OovIbiel. cBoel uacTH fOmKeH COOTBETCTBOBATh TOIGANaHCKOMY 
POPHSOHTYy 10 mkKaje CuOupcKoii TIaT@op MBI. 

CanamtnikrombeKuit TOPH3OHT, Kak JleKalH BHIMe, LOmKeH ObITb, 10 Ha- 
IeMY MHEHHIO, COMOCTaBJIeH C OJIeKMHHCKHM TOpH30HToOM. IIpaBomounoctp mo- 
oOnoro conocrapnenua NONTBEpATaAeTCH HAXOLKAMH MpelctaBuTeseli poma 


Inouyina Pol., xapaxtepHoro Jia CaHauITHIKrO/bCKOrO ropu3oHTa tora CuOupn, 
COBMeCTHO C OJIEKMHHCKHM KOMIWIe€KCOM TpHAOOHTOB B KOJIOMHCKOM CBUTE Pp. 
Maur Boctouxoro Casua (5, °), a TakxKe OTJeIbHbIX MIaTOpMeHHEIX opm, Ta- 
Kux kak Tungusella Rep., cpeau caHamiTpikrobcKoro Komisiekca (p. Mpaccy, 
Topnasa Ilopua — p. Tyxut, 3a6alikane). 

CoOHIOBCKHH TOpH3OHT 10 pAy OOuHX OpM TpuNOOMTOB M apxeouMaT 

(Proerbia torgaschinica Rep., Claruscyathus solidus (Vologd.,) Claruscyathus 
billingsi (Vologd.), Archaeocyathus latus (Vologd.)), a Takxxe m0 cBoemy cTpa- 
‘ TarpadwueckoMy ToslOx%KeHHIO (BbIMMe CAHALITHIKTOJbCKOTO M HME oOp yues- 
" cKoro ropH30HTOB (”)) COnocTaBJAeTCA C KeTeMeHCKHM FOPH30HTOM Cu6upcKon 
_ 1ulaTpOpMBI. 
_ OynopospactHocTb oOpyyeBcKoro M e/laHCKOrO TOPH3OHTOB COMHeHHH He 
BHISbIBAeT (OOLIMM ABJIAeTCA MOMABIAIOMLee OOJbIIMHCTBO POOB HM BUAOB TPHwJO- 
6utos Edelsteinaspis ornatus Lerm., Kooteinielia slatkowskii (Schm.), Erbia 
granulosa Lerm., Erbia sibirica (Schm.) u apxeomuaT Erbocyathus heteroval- 
lum (Vologd.), Tegerocyathus edelsteini (Vologd.), Tegerocyathus abakanen- 
sis (Vologd.), Ethmophyllum ratum (Vologd.), Ethmophyllum grandiperfo- 
ratum (Vologd.), Archaeocyathus kuzmini (Vologd.)). VickmountembHO HHTEe- 
PeCHBIM (PaKTOM SABIACTCH HAXOLKAa MHOTOUMCJICHHBIX mpesctaputenel Olenel- 
lidae copmecruo c Bulaiaspis Lerm. (B coe 3 ceBepHoro Kpbiwla CHHKJIMHaIN). 
Sra HaxolKa NMOLTBepxKAaeT MOCcMewHHe MpeAcTaBeHHA Jloumen-Box (8) o mm- 
POKOM BepTHKA@JIbHOM paciipocTpaHeHun Olenellidae, xapakTepHBIX JJIi BCero 
HWKHero KemOpua CepepHolt Amepuku. JlocToBepHble HaxoJKH Olenellidae 
B OTIOKeHHAX eHCKOrO aApyca Cu6upu (TOMGaYaHCKHH TOpH30HT) MO3BONAIOT 
| Gonee cMenO COMOcTaBIATS JIeHCKHi APyc C BepXHeil OeHeAMYCOBOH NOL30HOH 
Cepepnoit Amepuxu (‘,1°). 


, 
Toctynnuic 


14 VI 1960 


IMTMPOBAHHAA JIATEPATYPA 


DALT! Bonxorazun, JAH, 111, Nei (1956). "21 WM. T. K ypaparesa, UL ale 
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_ BeJOMCTBEHHOO CoBelLaHHA 0 paspaOoTKe yHup. CTpaT. CxeM MIA Cuoupu, 1959. ®% A. TY. 
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Horszage Akafemun nayr CCCP 
1964. Tom 136, Ns 5 


TEOJIOTH 9 


B. ®. KPAEB 


Mi)KEHEPHO-FEOJIOTHYECKHE CBOMCTBA FOPCKMX rJIMHUCTHIX 
MOPOJ] PAMOHA KAHEBCKHX PJIAWMO-THCJIOKAWLHA B CBA3H 
C YCJOBHAMH UX SOPMUPOBAHHSA 


({Tpedcmaéeaeno akademuxom A. JI. Anwunoim 27 VI 1960) 


B AMcOuMpoBaHHOM KOMMeKce oToxeHUit KaHeBcKoro paloHa oOuveHb 


YacTO BeTpeyatores Garckue (J)') uv KennoBelicxue Gs) TJIMHUCTHIe MOpOspl. 
B mMTOOrMYecKOM OTHOIMeHHH OnH HU3yYeHbI CpaBHUTeIbHO cabo, a 06 ux 
HHKCHEPHO-FeONOPHYeCKUX CBOHCTBAX MMeIOTCA JIMUIb BeCbMa CKYHBIE OTpbI- 
BOYHbIe CBeyeHHA. Mexkiy TeM, OObUIMHCTBO 43 OnosHel KaHescKoro onoj3- 
HeBoro palowa (a UX HaCUHTHIBaeTCA TYT Govlee NATHAeCCATH) CBA3AHbI HMeCHHO 
C 3THMM Topoxamu. 

BbIacHeHve IpMuHH BOSHHKHOBeHHA U aJibHeHIeH AKTHBH3aIlHH ONON3Helt 
HEBO3MOXHO 6e3 rylyOoKoro aHay3a reosloro-reoMmopo.iormueckux HW rHuporeo- 
MOTHNECKUX YCJIOBHH B COWeTAHHM C TIaTebHBIM H3yY4eHHeM BCeX (akTopos, 
CHOCOOCTBYIOMIMX TPOABJICHHIO OTOJ3HEBBIX JeopMauni. Oco60e BHAMaHHe 
IPH STOM AOVKHO ObITb yeeHO TOApoOHOMy u3y4eHutO WH»KeHEp HO-reovorn- 
WeECKUX CBOHCTB NOpPOM, BXOAAMIHX B ONOI3HEBO KoMnaeKc. B paccmaTpuBae- 
MOM CJIydae STO, pele Bcero, OTHOCHTCA K IOPCKHM PAIMHUCTHIM mopojlam. 

Hama monbirka sMKBMaluA B KaKOli-To cTeneHH cepbesHoro mpobela B 
HSYWCHUM WHKCHECPHO-TeOJIOTH4eCKUX CBOMCTS STHX MOPOL OCHOBLIBaeTCA Ha 
A@HHBIX HH2KCHEPHO-FeOJIOTHYeCKUX MCCeAOBaHH, MPOW3BeAeHHEIX B patione 
KanescKux JucnoKannit Mucrutytom reonoruueckux HayK AH YCCP cops- 
MeCTHO C «YKprHzponpoeKtom»y B 1956—1957 rr. 

Onpefejenua winkeHepHO-reojlorMueckHx CBOLICTR FOPCKHX TVIMHMCTbIX MO- 
POA MpPOv3BeeHbl NO OOpasyaM HeHapyueHHoli CTPpYKTypbIl, OTOOpaHHbIM H3 
UlyppoB, H YrpyHTOHOCaM M3 KOJOHKOBBIX CKBa>KUH. 

HccneqoBannam Opin NOABEPprHyTbl HaWMOO/Iee YaCTO BCTPeuaIoONMecA B AUC~ 
JIONMPOBaHHOM Hi ONOJI3HEBOM KOMIMVIeKCax nemlejIbHO-Cepble MU rosyOoBaTo-ceppie 
C MWJLIMMETPOBbIMH TIpOCOHKaMM aleBpuTa OaTCKHe TIME TEMHO-cepble HJM 
*KENTO-Cepble MeCUaHHCTHIe, CPaBHHTeIbHO BASKHE TAMHbI Kesoped. 

B crparurpadwyeckom oTHOmIeHHH 93TH JIMTOJIOTHYCCKNE PaSHOCTH IOPCKUX 
TOPO B OCHOBHOM COOTBeTCTBYIOT BepXHeMy POpu3OHTy OaTa HM HMKHeMy ropu- 
SouTy KeoBed. B Bonpoce hanuanbHol npuHaqiexHocTu 3THXx MOpoy, nowHOW 
CHOCTH Cle HET, W JIMIUb OOmMe Maleoreorpaduyeckne cooOpaxkeHusa (cpaBHu- 
TeIbHaA OJIM30CTb GeperoBolt HHH — ceBepO-3anaqHoro CKOHa YkpavHcKOro 
KPHCTaMM4eCKOrO IHTa) Hapsy c AHTOMOrM4YecKUMH OCOGeHHOCTAMH (OTHO- 
CHTCIbHAa JIMTONOPM4eCKAH HeOLHOPOMHOCTS) MO3BOJAIOT IIpHYMCIMTb UX K 
oOpasoBaHuaM memppa topckoro mops. Utro Kacaerca camo smHTomoruyeckoit 
XapAaKTePUCTHKM IOPCKUX TvIMH, TO OHA Mpelcraprsercs HaM, Ha OCHOBe JaHHbIxX 
ONMCaHH HamtMx wiudbos H. M. Bapanosoit u munepasoruueckux onpelenteHuit 
T. A. Tkagenxo, 3 CIELYIOMLEM BUe. COcTaB rIMHUCTHIX COCUKOB 6ATCKUX TAH 
XapaKTepu3yeTCA mpeoOalanuem rauHucToro BeUI€CTBa, B KOTOPOM paccesxHbl 
Mebane YeUlyHKN CepHlutTa (MHOra B 3HAUNTebHOM KOJIMYeCTBe), a TAK*KE 
TeMTOBBIC (U3PeAKa aJleBPHTOBBIe) 3€pHa KBapl{a; HepeKO B OObIIOM KOWH- 
TecTBe BCTpeyaeTcA MeIKHH O6yrMBUIMiica ATPUTYC; B aJIeEBPUTOBLIX COeUKaX 
PesKO MpeoOsalaioT KBapreBbIe aN€BPUTOBbIe YacTHIbI. CrpyKTypa OaTcKHXx 


MIMH NeJMTOBaA 1 aJICBpO-TleJIHTOBAA, TeKCTypa MHUKPOCJIOHCTaAA, TO oOObsC- 
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K cmambe B. &. Kpaeca, cmp. 1186 


Puce. 1. Pororpabun miudos: a — OaTcKas MIHHHCTad Noposa H3 

30HbI CMATHA, CKBaxKHHa Ne 37, rmy6uHa 54,2 mM; 6 — OaTcKas 

TIHHHCTaA Mopowa U3 HeHapyWIeHHOH 30HbI, CKBaxKHHa Ne 37, Mly- 
6una 59,5 m. 80%; HHK. +> 


K cmamee A. B. Meaonuxa u B. B. Apacumoeuua, cmp. 1235 


Puc. 2. [Ipozyktbt depMeHTaTHBHOTO THAPOMH3a MeK- 

tHna. 1 — 0,5% pactBop nektuna; 2—0,5% pacrTBop 

nekTHHa -+- «pepment; 3 — /5 — rHApolnszatel wepes 

P1973? 64-4576, alls" 24: 48: 72; 120; 240 n 288 uac. 

oT Hauata onpita; 16 — cTaHfapTHblii pacTBop PaslaK- 
TYPOHOBON KHCJIOTbI 


J\AH, T. 136, Ne 5 


ee ad 


— = 


ae 


UAeTCA UePeMOBAHHEM C/OCUKOB TIMHMCTOrO HM AJIeBPpUTOBOFO COCTABA. Munue- 
pasbHBIM cocTaB XapakTepusyeTcA mpeoOjalaHHeM KBapla NIpH Ha/IM4HH 3a- 
MeTHOTO KOMHUeCTBA TAMHUCTHIX MMHepaiOB HM HeOosbUIOrO KOMNeCTBa PHICA 


‘B NerkOu pakuMn;, TAKEIaA PpakHA XapakTepusyercA HEMOCTOAHHbIM IIpH- 


cyTCTBHeM cMopafuueckH pacipocTpaHeHHbIx UePHBIX PYAHbIX MHHEpasoB, 
NMpuTa, WApKOHa, pyTHla, Oaputa, pexe JucTeHa, CHJJIMMaHHTa H rpanaTa. 
B coctaBe KeIOBelicKUX TvIMH B OOLelH TIMHMCTOH Macce 3HauMTeJIbHOe 


‘MeCTO 3aHUMAIOT PasHOsepHHCTHIe YACTHIIb KBapPHa, OTMCYCHI TAKIKE amop(Hble 
KapOonaTuble coesuHeHuAa. Crpyktypa PMH ayleBponesHTOBaA, TeKCTYpa CIJIOMI- 


vasa. B MHHepasbHOM cocTaBe JlerKOH (ppakiuH nmpeoOsaqaeT KBapl, B HesHa- 
UNTENHBIX KONMYECTBAX IIPUCyTCTBYIOT MOseBbIe WINATHI, COMA WH THMC, THe 
wKelad (pakuuA XapakTepsyeTcA HasIMuHeM YepHbls PYAHbIX MMHepavioB, 
WHpKOHa, pyTHsa, MucTeHa, rpanaTa, reMaTUTa HM JIMMOHMTA. 

Jlanuple TepMHYeCKHX aHaJIM30B TOHKOMHCHepCHOH YaCTH PVIMH CBH/eTeJIb- 


“cTBYIOT O MpeoGaaHuM B COCTaBe TIMHMCTbIX MHUHep alo’ 6aTCKHX TJIMH MHHe- 


paJioB rp yiinbl rHApOCcJIOA, B cocTaBe KeJIJIOBeEHCKHX TJIMHHUCTHIX MOpOR TJIHHU- 


_ eTble MHHepavibl peACTaBJIeHbI rpyNnou MOHTMOpHJJOHUTA. 


B page ciyyaes Obl 3acHKCHpOBaHbl IpW3HakH CMATHA IOPCKUX TIM B 


OOHAKeHHAX HM B OOpasax HeHapyileHHOH CTpyKTyPbl HS CKBA?KHN. Oco6eHHO 


3aMeTHO BbIPaxKeHbl 9TH MpH3HaKH epPOpMHPOBAaHHOCTH MUKPOCJIOHCTHIX 
6aTCKUX TAMHMCTHIX MOpA. STO XOpOwoO BUAHO TIpH ComocTaB/leHHH cbororpaduit 
IIMMPOB OOpasuOB SaTCKOM PIMHbI M3 3OHbI CMATIA (puc. la) M M3 HeKeIerKa- 
weit HeHapyuIeHHOM 3OHbI (PHC. 16): B HepBoM cydae OOpamaeT Ha ceOa BHH- 
Mane CilyTaHHad MepematTad cTpykTypa, 4TO HaLi1o BbIPaKeHHe B pasJIM4HOH 
OPHeHTHPOBKe TPIMHUCTHIX YeIyHYAaTHIX MUHepasiOB HM CepHNTA, PAactoslOKCHHe 
o6yriMBuleroca eTpHTyca TakoxKe cBHleTebCTByeT O TOM, TO MepBOHAadaIb- 
wand CNOMCTad TeKcTypa HapyllleHa. 

B ofnoli 13 CKBAXKUH, MpOOypeHHOK B nome J[Henpa, TaKHX 30H CMATHA 
OOHAaPy2KeHO HECKOJIbKO B MHTepBadJle rmy6un oT 3 fo 49 M HMDKe ypesa MexKeH™ 
Horo ypoBaa pek. B muimdax U3 MpoMerkyTOMHDIs MHTepBaJIOB YCTAHOBJICHO 
Hague B MOpose MHOFOUNCJIEHHDIX MEJIKHX TPClHH, 3alOJIHCHHBIX PIMHUCTbIM 
BeilleCTBOM H cepulMToM. Bce yKasaHHble MPUSHaku JecsbopMHpOBaHHOCTH OaT- 
CKUX TVIMHMCTBIX MOpOL CBHeTebCTBYIOT Kak O 3HAYHTeIbHOK CHJle MHAaMH- 
yecKoro BOSJeMCTBUA JletHHKa, TaK UM O rayOuHax JeqHHKOBOH 9K3apalMH B 
3TOM palioHe. : 

Jlannpie MUKpoOarperaTHbIxX aHaJIH30B CBUJeTeMIbCTBYIOT O JIMTOMOrM4eCKOH 
HeOJHOPOAHOCTH STHX MOpoA, cpeAH O6pa3si0B KOTOPbIX B KeJIJIOBeHCKUX OT- 
NOKeHMAX MpeoOsMaLaioT aJleBPHTOBbIC TJIMHDI, a B 6aTCKHX — IJIMHBI. Tlepspie 
cojlepxKaT KpyNHbIM asleBpuT (ppaxnuto 0,1—0,05 MM) B KoslMuecTBe 18—39 % ; 
B He3HaUUTeIbHOM UMCe B HUX HMeIOTCH TAKE MeKOSepHUCTble, CpelHesep- 
HUCTHIe MH lake KpynHosepHUcTbie mecuaHble YaCTHIIpI. 

IIpu oOuyem Hemasiom cofep»xanHH TBWIeBaTHIX ppaKiuit (Gonee 50 %) cooT- 
HOUIeHUA B KOMIMYeCTBAX KPYIMHOMDbIJeBAaTbIx (0,05—0,01 MM) HM MeJIKOTIbIJIeBa- 
tex (0,01—0,005 mm) uacTHI B 6aTCKHX WM KesOBeHCKUX TPIMHHCTHIX MOposax 
He OMHAKOBBI: B NepBbIXx mpeodulayaer MeIKOMbINeBAaTAA (ppakUuA, BO BTOPbIX — 
Kpynuonbiiepatat. AHasH3bl JicrepCHOro COCTaBa IOPCKUX TIMHMCTBIX mopoy. 
C TIpHMeHeHHeM B KauecTBe yucnepratopa mupopocpata HaTpuA CBUeTeJIb- 
CTBY!OT 00 OTHOCHTEJIBHO ca6oll arperupOBaHHOCTH YacTHIl B OaTCKHX MIMHAX, 
JMcnepcHbI COCTaB KOTOpbIXx 61M30K K MUKpoarperaTHoMy, 4 Gombe arperi- 
pOBaHHOCTH MbWeBaTBIX YaCTHIL B KesWIOBelCKUX TIMHaX, 34 CYeT «pasBepThIBa- 
HUA» KOTOPBIX KOJMYECTBO PIMHUCTEIX YACTHT yBeIHuHBaercd TpHMepHo BILBOe. 

[Ipenctapienve O BeJIMNHHAX OCHOBHBIX MoKagaTeslel eCTeCTBeHHOFO CO- 
CTOAHHUA M PiaBHBIX :PU3H4eCKHX CBOHCTB M3y4eHHBIX TVIMH AaeT tad. 1 (m0 
BCeM TIPHBeeHHEIM MoKasaTeAM AA KaxKLO U3 COMOCTABIAeMBIX TOPO ObINO 
cflenano oT 15 0 33 onpeseseHuit). 

Tipu conocrapienun AaHHbix onpefetenui oOpamyaeT Ha ceOa BHHMaHHe 
6onee T1OTHOe ECTECTBEHHOE CIOAKCHHE 6aTCKUX PAIMBMCTHIX NOpos B CpaBHeHHl 
¢ KeOBelCKUMH H GoJlee BbICOKHE MOKAsaTeIM MJIaACTHUHBIX CBOHCTB KeJJIOBeH- 
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TaOauna 1 


MuxeHepHo-reonormuecKne MoKa3zaTenH 6aTCKUXx H KeJJIOBeHCKHX TINH paliona Kanepckux 


AucwqoKannHn 
Batckue rimvHuctple m0- Kensopelickue ranHuctpie 
pofbr MOpoAbI 
Bess jhe mpeqebl Kome6a- | open Mpefesbl Kome6a- we 
Hult pean Hui e 
Yyenbublli Bec , T/cm? 2,04—2,75 24.(6)/ 2,65—2,72 2,68 
O6bemMHBI Bec Oe r/cm3 1,85—2,04 1,94 1,62—1,93 1,82 
O6beMHBEIH Bec cKemeTAa rpyuta (6), r/cm? 1,41—1,85 ie 1,30—1 55 1,43 
Ilopucrocts (n), % 37 ,8—47,7 42,4 | 41,7—51,6 46,5 
EctecTpewHad BiaxHOCTh (w), % 12 ,3—32,9 26,0 1 410,638 2 26,4 
MakcuMasbHad MOmeKYAApHaA Baaroem- 
KOCTb (Wyarc)s % ak 18 ,0—28,0 23,3 15,0—38,1 23,9 
Tloka3aTenu mMaacTu4uHBIX CBOTiCcTB: 
npeyen vrexyyectu (W;), % 38—62 45 34—71 ol 
HWKHHH Wpezen nnactuuHoctTu ve); % 20—30 24 19—36 26 
4YHCIO MwacTHuHOCTH (M,) 13—34 ZHh 13—43 20 


CKUX TIMHHCTBIX MOpoy. Ec nepBoe o6cTrosaTebcTBo OTPaxKaeT eCTECTBeEHHbIii 
XOA JAMTOPeHE3A, TO BTOpOe ABJIACTCA IIPHMeyaTebHbIM — xoTA 6B moTomy, 
ITO KeJJIOBEHCKHe MOpObI B CpaBHeHHH C 6aTCKHMU XapaKTepu3yloTCA 3amMeTHO 
MCHPINHM COJep2KaHHeM TVIMHHCTEIX (PpakUHii WH MOBbILIEHHOL MeC¥YaHHCTOCThIO. 

Mexyy Tem, 13 22 onpezenennit nnactHanerx CBOHCTB STHX NOpok smb B 2 
CAYGaAX YHCIO MIaCTHYHOCTH OKa3a0cb MeHbe 17. Tlokasatenbupl B 3TOM 
OTHOUIEHHH HW CpaBHHTeJIbHbIe aHHble 10 CpeHUM 3Ha¥eHUAM kKospulHeuta 
THAPOPUIbHOCTH Kp: A OaTCKHX MW KenmOBelicKUX T'IMHMCTHIX TOpOk oun, 
COOTBETCTBEHHO, paBHb 1,23 u 2,35. 

OHakKO, Mepexoza K cpaBHutenbHoit OWeCHKe CTCNe€HH C¥KMMAeMOCTH Ht co- 
TPOTHBJICHHA CIBATY STHX MOpOL, Mbl CTaIKMBaeMCA C HHBIMH Ppe3yJIbTaTamu: 
Coulee CKHMaeMBIMH MH MeHee YCTOHUMBbIMH Ha CBAT OKasasHch oOpa3upl 6ar- 
CKUX TIHHUCTBIX Topoq. Tak, MaKCHMaJIbHBIe BeAMUHHDI MOLYJIA OCaKH ep 
IPH Py paBHoM 1; 2; 3 yu 4 KI /cm?, ana 6atcKux WM KeJWJIOBeEHCKUX THHUCTHIX 
TOPO UMeIOT COOTBETCTBYIOMNIHe 3HAUeHHA B 16; 31; 40 u 44 w/M nu Roe 2k ever 
42 mm/M, a pacueTuble BenuUMHBI P MC AA NepBbIx paBHb 15° w 0,250 xP /em? 
M JIA BTopix 16°30’ u 0,450 KI/cm?. Sylecb CO Beli OUeBHHOCTHIO CKa3bIBaeTca 
BIIMAHME TeKCTYPHBIX OCOGeHHOCTell OaTCKHX MIMH, PHTMHMYHOe YepeqoBaHue 
1—3-MuaaMMeTpPOBLIX TIMHMCTEIX 1 AJIEBPUTOBbIX CJIOCUKOB, uTO Onaronpnar- 


M CmocoOcTByeT CXBHTOBLIM AePopMayuaM MO mOCKOcTAM HacmOeHUA, 

Takum o6pa3om, mapaa CPaBHUTeJIbHy!O OL€HKY ONOJI3HEBO crocobHOCTH 
OaTcKHX M KemOBelicKHx NIHH, MBI QOJLKHDI MPH BCeX MpouHx paBHEIx ycu1o- 
BHAX CHHTaTh HaMMeHee HaJeKHBIMH B STOM OTHOUeHUH OaTcKue. 

IIpupoza ormeyenupix 3yecp HEDKCHEPHO-PeOJIOTHYeCKUX CBOHCTB IOpCKUX 
NIMH MpeACTaBAAeTcA B Ceyioutem Buge. Batcxue MIMHUCTHIe MOpOAbl Popmu- 
POBAaIMCh B YCJIOBHAX c1a60 menOUHoO! CpeAbI, YTO, CKOpee Bcero, OG6bacHAeTCA 


CTBIC NOpOsb POpMupoBaMch B IIpHOpexHOli 30He M€JIKOMOPbA B YCJIOBHAX 11e- 
JIOWHOH CpetbI Gosee Tenmoro MOpcKoro Oaccelina. 

oNOXY MaKCuMaJIbHOro JIHenpoBcKoro OJI€ReCHCHHA IOPCKue LaHHUCTHIe 
TOPOAbI PaCCMaTpHBaeMOrO paiioHa ucHEITaTH SHAYHTeIbHOe TIO CHvIe MexaHu- 
4eCKO€ BOSMeHCTBHE JIeqHuKa, UTO TIPHBeO K AONOMHATeIBHOM TpemuHoBaTo- 


CTH UW Ne€PpCMATOCTH Ux B ONp €eJIEHHBIX JIOKAJIbHBIX 30HAaXx. 
Mucrutyt reonoruyecxnx HayK Tloctynuio 
Akajemun wayx YCCP 20 VI 1960 


1188 


Moxrnanm Akafemun nayk CCCP 
1961. Tom 136, Ne 5 


FEOJOPHA 


®. B. KANPAHAHOBA 
K BORPOCY O NAJIEOTEOFPA®HH JOWEHA IOKKHOPO SAYPAJIBA 


(IIpedcmaeaeno axademuxom A. JI. Alnmunoim 27 VI 1960) 
Ilo HacTOAWerO BPeMeHu ObIJIO IPpWHATO CYMTATb, 4TO SOIMeCHOBbIe OTJIOKeCHNA 


BOCTOUHOFO CKIOHa Ypasa cofepxKaT CpaBHUTe/IbHO OeHbI KOMIIeKC CbopamMu- 
Hudbep, B KOTOPOM MOYTH OTCYTCTBYIOT BU/[bI, H3BeCTHbIe BHe TIpesesOB Saypasiba. 


TlocuiemHee OOcTOATeMbCTBO, eCTECTBEHHO, 3ATPYMHAIO HE TOJIbKO Mapaesn- 
galmio paspesoB Saypasibax, HO moxuac u TOUHYIO AaTHpoBKy Bospacra. Beyly- 


ILO POAb Mp pacueHeHHH SOMeHOBbIX OTO*KCHHM MMeJIM [MAaTOMOBbIC BOJO- 
pOcdM H CKeJeTh paquouApui. 

Kak u3pecTHo, B Esponelicxolt uacru Coi3a BepXHe90IeHOBbIe OTOVKeHHA 
mo XapakTepy dayHbl J[eIATCA Ha [Be Ipylbl — loxwKHy!IO H CeBepHylo (en 
Tipeo6aanvem Menaruueckux (OpM Hal OeHTOHHBIMM OTM4AIOTCA SOMeHOBbIC 
OTJIOVKCHUA IOKHIX palioHos. TakoBbl pa3spesbl Kppmma, KapKxa3a, 9MOpt, Mau- 


rpiuuiaka u Yctiopta. B paspesax ceBepHoit rpymmbl paouos (Ykpanua, JLou- 


6acc, IlopomKbe) B BepXHeM 90LeHe, H3BeCTHOM 3feCb MOA HasBaHHeM KMeB- 
ckoro apyca, mpeoOlafanne MoulyaaioT OeCHTOHHbIe BH bI. B oTslOxKeHHAX KHEB- 
CKOrO Apyca BbIfemAIOT Be MUKPOayHUCTHYeECKHe 3OHBI: HHM2KHIOIO —— 3OHY 


' IATeHH, M BepXHIOlO — 30HY OyJIMMMHM, COOTBETCTBYIONIMe HWKHE- H BepXHe- 


KMeBCKOMYy MOLbApycamM. 

Ha TeppuTopuu BocTouHoro cK0Ha Ypavla 4 SanagHo-Cu6upckoH HU3MeH- 
HOCTH 3OIMeCHOBbIe OTIOXKCHHA, H3BECTHBIe Of, HaSBaHHeM JIOJIMHBOPCKOM CBHTHI, 
pacumenmiotca Ha JBe Tom. HwKHAA, COKeHHAA TPeHMyIlecTBCHHO ono- 
KaMH HM TviayKOHHTO-KBaplleBbIMH MecuaHukaMu (mouHocTb1Io 40 80 M), OTHO- 
CHTCA K HWKHeMy M CpefHemy (?) 20leHy. OpraHnueckue OCTATKH 31eCb OUCHD 
peKH, M3BuleKaloTcA C TpyAOM, MpeCTaBJeHbl CAMHMYHbIMH pawvouApHAMH Hi 


_ MHOKeCTBOM CIIMKys ryOoK. 


BepxHaA Toma MOpOL BbiseiAeTCA NOM HasBaHHeM BepXHell payMOuIAp Meson 
30HI, ClOxKeHa JMATOMHTAMM, MeCTaMM TeC4aHO-TvIMHMCTEIMH, TpeleaMu Ha 


 ceBepe MH OMOKOBHAHBIMM TIMHaMH C MpOcJlOAMH OnoK, HHOra Mepresenosoo- 


“ 


<7 een 


HbIMH aprusiiuTamu Ha 1ore. Ilo aHHbIM U3y4eHHA pakuouApHl, OHA OTHOCHTCS 
K BepXHemy 9oueHy (*). MomlHocTb ee B 3aypambe focruraet 150 mM. B ee no- 
poax BCTPevaloTCA MHOFOYHCeHHbIe pawHONAPUN MW KPeMHeBbIC 2K YTHKOBbIe 
BOJOPOCJIH, COBMeCTHO CO CIMKyJaMu ryOoK M peKMMH OeHTOHHbIMH CopaMu- 
Hudepamu. Kak mpaBusto, BCe tbopamuHUdepbl MMeloT arr vIOTHHHpOBaHHYIO 
PpakOBHHy, H3BeCTKOBbIe — PeAKOe MCKJNOUCHHE. ‘ 

Bumopolt coctap accoumayuu dbopamuHudep BepXHero 9OlleHa OCH b ycTou- 
4HB, OHOOOpaseH M MpocseKUBaAeTCH Ha Bceli OTpOMHOM TeppuTOpuA Gaypaibs 
uw SanagHot Cu6upu. Orciofa onpefevsleHbt: Rhabdammina cylindrica 
(Glaessn.), Bathysiphon sp., Proteonina difflugiformis (Brady), Reophax spi- 
culifer Br., Haplophragmoides periferoexcavata Subb., Ammodiscus incertus 
(Orb.), Ammobaculites sp., Gaudryina sp., Verneuilina paleogenica Lipm., 
Spiroplectammina spectabilis Grzyb. u Spiroplectammina carinata (Orb.). 


Vispeaka BetpeyaiotcA eMHWYHbIC SK3CMIVIADHI OKPeMHEJIbIX PAaKOBHH M3 CEM. 


Anomalinidae. Ha tore 3aypamba (KyuimypyH), 10 ,aHHbIM A, U. Epemeeson 
(4), K 93TOMy KOMMVIeKcy IIpHOaBIAIOTCA: Spiroplectammina calathusi Erem. 
mw Clavulina aff. trilatera (Cushm.). 
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P. X. JIunman (°) napasmienusyer OcaqKH BepXHel paqnouApMeBol 30HbI, 
cofep»xKamjeH NepeuncJleHHbIM KOMIIeKc cbopamMuHHdep, c BepxXHelt 30HOH Taca- 
paHcKouw cBuTb Typraiickoro mporn6a u TYPKeCTaHCKMM Apycom Cpenueli Asuu. 

Matepvan, coOpaHHblii aBropoM HacTosujel cTaTbH M3 paiiona IOxuHoro 
GaypalbA, MO3BOJAeT HECKOJIbKO JOMONHHTh HMeIOWMeCA aHHble m0 dayHu- 
CTHYCCKOM XapaKTePUCTUKe 9OMeHa H CeaTb HEKOTOPbIe 3aK/IOYeHHA 0 KOp- 
PeIHIMH OTMOKeHHH HM Nayleoreorpaduu pervoHa B IeJIOM. 

MatepuasioM 2st STO paOoTbl MOCTYKUIO M3y4eHHe IOLeHOBLIX OTMO*KeHUIt 
NO CKBaxKMHaM, MpOOypeHHbIM B Mpesenax ceBepHow uactu Kasaxcxoli CCP, 
B 25 KM sallaguee r. Kycranaad. CkBaxkWHbl pacnOmOKeHbl HeECKOADKUMH TIpo- 
(PHAMM MOYTH WIMPOTHOTO HampaBJeHuA, OOufeli MpOTAxKeHHOCTHIO JO 50 KM, 
C paccTOAHHeM Mexjly npoduaamu 10 KM, M OXBaTBIBaIOT NOMab pa6ot Ba- 
CHJIbeBCKOM TeolOropasBeOuHOK MapTHH, BXOLAmeH B cocTaB Cap6alickoli 
akcnewuunu KycraHalickoro reojoropasBegounHoro tpecta. M3 mHorouncsen- 
HbIX CKBaXKHH, MOCJIOMHbIM paspes KOTOPbIX ObII H3y4eH, B BOCbMU oOHap yxKeH 
OoraTbi KOMMJIEKC H3BECTKOBbIX OCHTOHHBIX (bopamunudbep, He H3BeCTHBIX pa- 
Hee B Saypaube. 

JIMTOJOrMYeCKM SOWEHOBHIe OTMO*KeHUA paliona mpekcTaBsAeHsi TlepeclanBa- 
HHeM ONOK M PlayKOHUTO-KBapleBbIX MeCYaHHKOB (4YaCTO OKPeMHeMbIX) C Mep- 
TeJIMCTbIMH TVIMHAMH, CepbIMH HM CBeTJIO-CepbIMH C 3eJIeHOBATLIM OTTeHKOM. Ono- 
KH HM MeCdaHHKH, BBY TPyAHOCTH U3B/IedeHHA U3 HAX OPraHWuecKHX OCTaTKOB, 
He aHaJIM3HpoBasucb. DayHa tbopamuHudep USBIeKaNaCbh TOMbKO H3 Mpocw10eB 
rau. MouHocth (ayHucTuyeckH OxapakTepH30BaHHol uacTu paspesa Kose6- 
jleTcsx oT 10 M Ha ceBepe (ckBaxkuHa No 1230) no 50 mM na wre (ckBaxkuna Ne 1520). 
BpifesleHHble paKOBHHbI (PopaMHNUdep He Bcerma UMeIOT XOPOLIy!0 COXpaHHOCTD, 
HHOTAa HOCAT ABHbIC CJl€Abl OKATHIBAHHA HM TpaHCOPTHpOBKH, HO 3TO He 3aTpyy- 
HAeT OMpelesweHuA HX JO Bua. 

[IpeoOnaqatouluMu 3feCb ABJISIOTCA BHIbI CeM. Lagenidae u Buliminidae. 
B MeHbIeM KOMUYeCTBe BCTpeualoTcA Mpeycraputenu ceM. Rotaliidae u Ano- 
malinidae (ta6n. 1). [noOurepunugp BCTpeyaroTcs cmopayMuecku, eMHuU- 
HbIMH 9K3CMIWIAPAMM B OTIEbHEIX OOpasiax. 

IIpu mogcuete oKkasanocb, uTo 81% pBcTpeyeHHBIX BUOB COOTBeTCTBYIOT 
BHJIAM 3OHDI JISTeHH, KHeBCKOorO apyca Ykpanup. M3 wux 60% saBasioTca BU- 
AaMM PYKOBOLANLMMH (B TAONMI[e OTMeYeHBI 3Be3(04KON) TIA BepXHero 901[eHa. 
Octanbubie 40% pacnpesensmorea cmeqyronuM o6pasom: 21% — mupoxopac- 
TPOCTPaHeHHbIX, HO NOJIbSYIOULHXCA H3BECTHOCTHIO B Esponelicxol uactu CCCP, 
4 19% — syHqemuKos. 

XapakTepHO, 4TO BUH, PYKOBOLANIMe JIA 30HBI JIATCHH], B paloHe uc- 
CN€LOBaHM BCTPeyaioTca He eAMHHUHBIMM, peqKUMU SK3eMILIApaMu, a mpeo6- 
aqatoT B KOMMekce HM KOmMUecTBeHHO. TlopaxaeT OOusnMe pakoBuH — Bifa- 
rina millepunctata (Tutk.), Bolivina microlancetiformis Subb. 1 npewcTaBu- 
TeleH cem. Lagenidae: Nodosaria bacillum Deir., Siphonodosaria exilis Neu- 
geb., S. adolphina (Orb.) Marginulina fragaria (Gumb.), Cristellaria rémeri 
(Reuss). 

Ormeyaetcx rpHypoueHHocTs o6nmus BHJOB C H3BeCTKOBOH paKOBHHO kK 
HMWKHEM YACTH TOV SOMeCHOBELIX HOpOL, Torna Kak B BepXHel mpeoOmaqarorT 
(pOpMbI C arrwOTHHMPOBaHHOM pakoBHHOil. 

Bunopoit coctas dopamunudep BepXHel 4YaCTH pa3pe3a TOA ecTBeH accomna- 
MH (opaMuHUdep 20NeHa BCero BOCTOUHOrFO CK OHA Ypaua (Spiroplectammina 
spectabilis Grzyb., S. carinata (Orb.), S. calathusi Erem., Spiroplectammina 
Sp. Pp. MH mpejicraButemu cem. Astrorhizidae u Lituolidae). 

Anais topamunudep BepXHerO 301eHa U3 paspe30B H3YYeHHbIX CKBaxKHH 
NOSBONAET CeNaTb CJIeyIOUHe BbIBOJIBI: 

1. Msyuennas acconuanus SOILCHOBBIX' (PopaMuHep M0 COcTaBy BUOB 4eTKO 
KOppesMpyeT C TaKOBOH 30HbI JISTeCHU KMeBCKOFO apyca Yxpauupt u Jlon6acca, 
BOSpacT KOTOPOH CuNTaeTCH BepxHe9OIeCHOBLIM. 

Takum o6pasom, BepxHes0neHosbiii BO3pacT NOpO BepXHe palMouApHeBon 
30HbI SaypabA LOKasbIBaeTCA TAaKKeE pe3yJIbTaTaMU Onpesenenna cbopamunHdep. 
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2. Hanmune CXOJHbIX KOMIIeKCOB (popamMHHudep B KHeBCKOM spyce Yk- 
pauHbl H B Gaypasbe NO3BOMAeT YTBEP2XKLaTb CYULECTBOBAHHe OTKPbITOH CBASH 
MexK]y MOPCKMMHM OacceHHaMM 9THX PpaHOHOB. ITH CBA3H, BO3MOXKHO, Ocyule- 
CTBIIAJHCb TeIJIbIMA TeYeHHAMH Yepes palionbl II puapanpa. 

3. TloceqHee OOcTosTebcTBO corsiacyeTCA C J@HHbIMH MO MaKpodayHe 
O. H. Uler1osoi-Bopogunont (°); B MenKOBOAHBIX OTIO*KeHHAX BepxXHero 90NeHa 
SaypalbA (ONOKM HW MecuaHHKH) HalieHb! OAMHOUHBIe WecTHy4eBble KOPaJVIbI. 
[lo ee MHeHHI0, KOPaJIIbI MOPIM pasBUBaTbCA MOM, BAMAHMEM TerIbIX GeperoBblx 
TeueHHH. He mpoTuBopeyvT STOMY, HaKOHEIl, H COCTAB CIOPOBO-IIbLJIbIeBOrO 
cleKTpa 90leHa, XapaKTepH3yIONIHHCA IIpHCyTCTBHeM HapsAy Cc OopeambHbIMU 
MOpoaMH TenOUOOMBEIX pacTeHui (+). 

4. Hanuuve cpapuutenbHo Oonbuoro (10 30%) KounuectBa dopamuHndep 
€ ArJNOTHHHPOBaHHOM paKOBHHOM, OTCYTCTBHe NelaruyecKkuxX OpM Cc H3BecT- 
KOBOH, CBOeOOpasHad 3aMeHa HX MWIaHKTOHHbIMA OpraHH3MaMM C KPeMHeBbIM 
CKeJI€TOM (paqHONAPUM H AMATOMeH) CBUJeTebCTBYyeT O CYIeCTBOBAHHM B Bepx- 
HeM 90leHe BCero SaypaJbA yCJIOBHH, HeECKOJIbKO Oouee CYpOBbIX, 4eM B TO 
2e BpeMA Ha lore EBponelickol uactru Corsa (KaspKkas, Kppim, Maurpiuak). 

5. B mo3qHes0lleHOBOe BpeMA, C HACTYMMBUIMM, M0-BHMMOMY, TOBCeMeCTHO | 
B C€BeEpHBIX OONacTAX Oaccelina ((°), crp. 153) HeKOTOpHIM MOXxO/IOLaHHeM, Ten | 
JOMOOMBbIA OeHTOC BOCTONHOTO cKNOHAa Ypama MOMHOCTbIO BbITeCHAeTCA XO- 
JOLHOMOOUBOH (bayHO (arrmOTHHUpPOBaHHble paKOBHHKU dopamunudep, OOn- | 
Me KPeMHeBbIX TyOOK, HaTOMeli HM paMomApHii). 


- TopHo-reosioruueckHit HHCTHTYT THoctynHao 
Ypalbekoro duInata Akaqemun HayK CCCP 10 VI 1960 
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‘H. A. Arpanosckas, A.V. Epemeesan gp., Tp. mexpegomcrTs, cope. 
ao crpaTurp. CuOupn, JI., 1957. ? Il. JI. Bes py kos, Taneorenoppie MopcKue oTsoxe- 
nua Ypasa. Peon. Kapta Ypaia, macmta6 1 : 500 000, O6bacnutenbuaa 3anucka, JI.—M., 
1939. % P. X. JiumMau, Tp. mexpegomcts. copenl. mo crparurpabun Cu6upu, JI., 1957. 
*C. 7. Pa6Ounospuy, A.W. Epemeesa, Tp. Topno-reow. uuxcr. YpapeK. cpu. 
AH, B, 24, Ne 3 (1956). ® H. H. Cy66o0tTuHAa, Muxpodayna CCCP, Coopu. VI, Tp. 
BHHMIPH, vos. cep., B. 69, Ne 6 (1953). *0O. H. [Leraospa-Bo powuuHa, Tp. 
[opHo-reow. HHcT. Ypanpek. cus. AH, B. 24, Ne 3 (1956). 
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PEOJIOTHA 


JI. A. HEBECCKASA u E. H. HEBECCKHM 


0 COCTABE ®AYHbI HW OCOBEHHOCTAX PASBUTHA 
A30B0-UEPHOMOPCKOFO BACCEHHA B NO3AHEYVETBEPTHUHOE 
BPEMA 


(IIpedcmaeaexo axademuxom IO. A. Opaoeoim 24 VI 1960) 


Paspurve no3yHeserBepTuuHoro Oaccelina Uepnoro Mops paccMaTpHuBaJOCb 
HOTMMH uccmemopatenamu. A. JI. Apxanrenpexuii wn H. M. Crpaxos (’) mpo- 
“cilequiM MOCcTeMeHHOe H3MeHeHHe B Mpolecce YepHOMOPCKOM TpaHcrpeccuH OT 
OMpecHeHHOrO HOBOSBKCHHCKOrO Mops Cc (bayHO KacmMMcKOrO Tuma AO COBpe- 
MeHHOrO Oaccelina c conenocThIo 17—189/o, HaceeHHoro OGesHeHHOM MOpCKOH 
dbaynon. Wnol Touxn 3penua mpuszepxusaetca II. B. Menopos (°,°), KOTOPbIH 
J yKas3biBpaeT, UTO YepHOMOPCKAaA TpaHCrpeccuA 3aBepUIMaCb BO BTOPOM THICAYC- 
J jeTuu 0 H. 9. OOpas0BaHHem Oovlee coJleHoro OacceHHa, YpOBeHb KOTOpOrO 
cTtoam Ha 2—2,5 mM Bblllle COBPeMeHHOrO. 

Tana JOHHEIX OTNOKeHUM npHOpexHo OOnacTH UepHoro Mops, NO KOTOPBIM 
yMeeTcA OombuIOM MaTepHas, MOy4eHHbI VucTuTyTOM OKeaHOsorMu Cc MO- 
MOMIbIO BHOpONopmiHeBo TpyOKu (MmpocmoTpeHo OouIee 60 craHiui), usy4eHne 
 (payHbl U3 KOMOHOK MOKa3bIBaeT MOCTeleHHOe ee o6oraijeHve HOBbIMH BCeJIeH- 
Wamu u3 CpefusemMHoro ;Mops, 4TO OTpaxKaeT NMOcTeMeHHOe MOBbILICHHe COJIC- 
Hoctu (°). 

Takum o6pa30M, HeT OCHOBaHHM K yCTaHOBJeHHIO AA o6mactu UepHoro 
| MOpa BMo3qHeyeTBepTH4HOe Bpema (pasbl 6olee COIEHOH, YeM COBpeMeHHadi. 

; Vinaue o6ctouT feno yun {pationa AsoscKoro Mops. Smecb Kak Jia Oepero- 
: BOM WaCTH, TaK UM JA JOHHbIX OTMOMKeHHM MMeIOTCA aHHble, NOKASbIBAIONIMe 
_ cylecTBOBaHHe 3Tala B MosiHeiulel ucTOpun A30BcKoro Mops, Kora covle- 
HocTb ero Oblua Blue, 4eM celiyac, u Mope Gplm0 HacemeHO Oosee 6oraTou day- 
_ HOM, uem coBpeMeHHad a30BcKad. Ha 9TO ykKasbiBayIM Kak 3O0OJ0rH, Wu3yuaBUIiHe 
cocTaB HM pacmpocTpaHeHve a30BCKHX MOJIJIIOCKOB (5, 8), tak u reonoru (’). 
Beperospie OTOKeHHUA, OTBeYalouIMe STOMYy 9Tamly, oco6eHHO XOpOLIO BBI- 
paxkKeHbI B paiione m.-0. KasaHTum, a Take Ha BOCTOTHOM Gepery, Ha KOCaX 
Kampunepatcko u Jlonrou. Mbt coriacHbl C yKa3aHHeM Il. B. Menoposa (°), 
uto [. U. Tonos (*) ul. WU. Topenxuii (*) onrmO04Ho OTHeCIM OTIOKEHHA BO- 
cTouHoro Gepera K aylaHCKOMy, WIM cypoxKcKoMy, 9Tamy, T. €. KO BpeMeHu 
| MexJly HOBOSBKCHHCKOM HM KapaHraTcKOM TpaHcrpeccHAMH. Kak ObI0 yCTaHOB- 
_ jleHO BO BpemaA MOvleBLIx’pador B 1957 r., 3ecb OOHaxKarloTCA Mo3sfqHedeTBepTHA- 
 HbIe MecKH WM PaKyWIewHHKH, OTBeyalOUMe [peBHedepHOMOPCKUM OTOXKCHHAM 
_ UepnHoro mopa. 
: Ha n-o. Ka3auTun mecku, BbIXOAAMje Ha NOBEPXHOCTh B 500—600 m wu faJb- 
ie OT Gepera, coylepxKAaT MHOTOYHCJeHHbIe PaKOBUHE!, Cpe KOTOPbIX mpeo6a- 
_ jaroT pakosuust Chione gallina (L.), Toryja Kak B COBPeMeHHBIX MIAMKEBHIX Pa- 
KYWIHMKaX TOCHOACTBYIOT paKOBHHbl Cardium edule. 
Jina BbincHeHuA U3MeHeHHA TIpOWeHTHOrO cosepxKaHuA PYKOBOAAMUX BHLOB 
o60ux KomnseKcos: Chione gallina (L.) a Cardium edule L.— Obl MOwcd- 
TaHbl paKOBHHbI STUX BUOB Ha MOUadAXx 0,50,5 M?, B3ATBIX MOCJeOBaTeJIb- 
HO BCe Jlambuie OT Gepera. PesybTaTbl MOACYeTOB v300paxKeHbI Ha puc. |: BHa- 
yale yBemuueHHe COepxKaHHA Chione 110 MeqJIeHHO, a 3aTeM TIPOLeHT UX Pes- 
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KO BO3pOC, UTO COOTBETCTBYeT FpaHule MEY JBYMA STAMaMH: COBPeMeHHBIM U 
peBHUM. CpaBHeHve (ayHUCTHYecKOrO CocTaBa [COBPpeMeHHBIX HU JPeBHHX a30B- 
CKUX OTJIOXKeHHH MOKA3SbIBAeT, YTO, KPOMe yKa3aHHOFO M3MeHeHHA OTHOMeHUA 
Chione u C. edule, B nocueqHux MpucyTcTByeT pa, BUOB, He BCTP €ualolluxcA 
B COBPeMCHHBIX IlJISDKEBBIX OTMOHKeHUAX: Paphia discrepans (Mil.), Cardium 
exiguum Gm., Tellina exigua Poli, Ostrea taurica Kryn., Irus irus (L.), Chla- 
mys ponticus (B. D. D.), Corbula gibba Ol. ; 

Ha BoctouHom 6epery AsozcKxoro mops, B palione Koc Jlosrof u Kampnue- 
BATCKOH, TaKOM Pe3KOi CMeHBI (payHbI He OTMeuaeTCA. PakylWieuHHKH WM Mecku 
APeBHUX OeperoBblxX BaNOB 3eCb COMep2xKAaT TaKy!O Ke PayHy MOJWIOCKOB, uTO 


ACI TD 


Puc. 1. Usmenenne daynuctuyeckoro coctaBa B TeyveHHe M03] - 
He€YeTBEPTHYHOFO BPeMeHH B ‘palione Kasanruna: a — TIpo- 
(pub Oepera; 6 — KpuBaA MpoueHTHoro OTHOMeHHA Yea 
pakoBuH Chione gallina Kk uncny pakosnn Cardium edule. 
KpecTuKaMH OTMe4eHBI TOUKH B3ATHA o6pa3l0B 


H COBPEMEHHBIC IWIAXKEBbIC OTIOMKEHHA: NpeoOmaqaioT pakoBuHH Cardium edule, 
ocTaIbHbIe =pewKu — Mytilus galloprovincialis Lmk, Chione gallina (L.), 
Abra ovata (Phil.), Nassa reticulata (L.), Gastrana fragilis L., Mytilaster 
lineatus (Gm.), Barnea candida (L.), owen peaxu Paphia sp. [o-Buyumomy, 
3Ta 4acTb ASOBCKOrO MOps Oba 3HAUMTeBHO OlpecHeHa IO CpaBHeHHIO C 10xK- 
HOH. 

KOJIOHKH JOHHBIX OTJOKeHH 1OKHOH uacTH A30BcKoro MOpa TakxKe TO]- 
TRepR NAOT HaNMuMe STaNa, KOT{a COMeHOCTb ObIa BbIe, 4eM COBpeMeHHag, 
WTO BbISBaJIO LIMPpOKOe Pa3BUTHe HbIH€ OYEH PeAKUX HIM COBCeM OTCYTCTBYIO- 
HIMX B STHX paloHax BuoB: Chione gallina (L.) — Ha wamero-necuanpix uv HaH- 
CTbIX rpyHTax, a Abra fragilis Risso — na uaucrtux. Cov, cofepxanmne STY 
Oolee coueHOmoOuByio, 4eM COBpeMeHHaA, ayHy, mpelwiaraetca Ha3BaTb 
Ka3aHTHNCKUMH. 

M3 KONOHOK, B3SATBIX B OOnacTH Pa3BUTHA HOBOYepHOMOPCKOrO KommuJeKca 
Cardium edule — Lentidium (puc. 2a), BULHO, 4TO B Ka3aHTHIICKHX CJIOAX 
Chione gallina, Hapsyy c Cardium edule, ssaserca PYKOBOJAULUM BHOM, a 
MHOra axe mpeoOmaqaeT Hal nocneqHuM. Kommuiekc Oeperopbix o6naxKeHnit 
STHX COeB Ha l-0. Ka3saHTum oKasbipaetca 6osmee OoraTbIM, BO3MO%KHO 3a cueT 
Pa3JIH4YMA B IpyHTe: OTMOMKeHUA Ha Oepery mpenctaBuensi MeCKaMH, a KOJIOHKH 
BCKPbIIM MJIMCTbIe OcankW. KonOHKH, B3ATHIe B OGNAaCTHY Pa3BUTHA HOBOa3OB- 
cKoro komiiekca C. edule—Lentidium—Abra ovata (puc. 26), Ha HecKosbKO 
OoubuHx rulyOuHax, Ha WIMCTHIX rpyHTax, cojepxkaT B HH3aX KOMMeKc Car- 
dium edule—Abra fragilis, coorsercrByiomuit Ooulee MeIKOBO,HOMY Ka3aHTu- 
CKOMY kommlekcy Chione — Cardium edule. B stom KOMINJI€KCe WJIMCTbIX Tp yH- 
TOB Ka3aHTHMCKOrO BpeMeHH BCTpeuaIoTca, Kpome Abra fragilis, HeKOTOpbIe 
BHAbl, HE BCTPeyaloumecd BY HOBOa30BCKUX OTNOXKEHHAX STOH xe cbaunH: Car- 
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dium exiguum, Chione gallina, Paphia discrepans. Uro xacaetca Abra fragi- 
lis, TO 9TOT BU He OTMewasIcA AO cHx Nop B A30BCKOM Mope, XOTA B CeBepHOH Hu 
cpesuelt uactax KepueHckoro mpomuBa wiMpoKo pacnpoctpanex (°°), uro noz- 
“TBepxKaeTcA TakKKe MaTepHanamu JparupoBanua 1958 r. 

_  Ofciofa cilemyeT, ITO B ApeBHeyepHoMopcKoe BpemA coeHOcTb A3o0BcKoro 
MOpA, BO BCAKOM CyIy4ae ero 1O%KHOM UaCTH, Obla BbIIlle, WeM B HaCTOAILee BpeMa. 
'B cooTseTcTBuv ¢ 3THM HaXOMATCA JaHHble, NOYYeHHbIe IPH W3yYeHHA TOMIM 
‘mpu6pexuix oTmoxenui Uepnoro mops (*), KOTOpbie NOSBOMAIOT YTBepKaTb, 
UTO YePHOMOPCKaA TpaHcrpeccHA ABIANAaCb HepaBHOMepHbIM Mporeccom. B ee 
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Puc. 2. Usmenenue coctaBa JBYCTBOPUAaTHIX MOJWJIIOCKOB B KOJIOHKAaX, B3ATHIX Y 1O?KHOTO 6epera 
_ A3oscKoro Mops. a — Ha rlyOnHe 8,5 Mm B KasaHTHIICKOM 3aJIMBe; 6— Ha rayOuHe 11 mM mpoTusB 
' Bxoga B Kepyenckuit npomus. J — un; 2 — paKOBHHEl: A. fie Abra fragilis Risso; A. 0.— 
_ Abra ovata (Phill.); Ad. v. —Adacna (Adacna) vitrea (Eichw.); B. c. — Barnea ‘candida 
: (L.); C. e.—Cardium edule L.; C. ex.—C. exiguum Gm., Ch. g. —Chione gallina (L.); Dr. p.— 
Dreissena polymorpha (Pall.);. Gs. f. — Gastrana_ fragilis (L); L. m. — Lentidium maeo- 
' ticum (Mil.); Mon. c.—Monodacna caspia (Eichw.); M1. 1.—Mytilaster lineatus (Gm.); M?. g.— 
i Mytilus galloprovincialis (Lmk); P. dis. — Paphia discrepans (Mil.). | J — Bub, MaKCHMyM 
" WIA KOTOPEIX MafaeT Ha OTKpLITyt0 uacTb UepHoro Mops H pavOHbl }OxKHOM H WeHTpasIbHOH uacTert 
Kepuenckoro mpouimBa; B A30BCKOM Mope He BCTpeualoTcs, II — Buel C MaKCHMYMOM B OTKPEI- 
Toi uactu Uepnoro Mops 4 B KepyexcKom IIposinbe; BCTpeualoTcd B A30BCKOM Mope, HO Tae 
‘xu; JJ] — Buhl, KoTopbie MOryT ObITb WIHpOKO pasBHTbl B Uepxom mope (o6btuHo Ha riyOuHe 
jlo 16 m), B Kepyexnckom mpoauBe u B A30BCKOM MOpe, IV — Bub C MaKCHMYMOM B 3aJIMBaXx 
| Uepxoro mops; V — sup c MaKCHMyMoM B A30BCKOM Mope, CeBepHOH H HeHTparbHOH YacTAX 
Kepyenckoro mpoaupa HB 3aiuBpax UepxHoro Mops; VJ — BuybI C MaKCHMYMOM B A30BCKoM uones 
ceBepHol uactH Kepyenckoro mpomupa, TaMaHCKoM 3aJIMBe H JIMMaHax UepxHoro Mops; — 
BHJbI POLOB, MpelCTAaBHTe/IH KOTOPHIX HEIHe BCTPevalOTCA TOJIbKO B yuaCTKAy UYepxoro iO re 
_ HMeeTCA MOCTOAHHbIM MPHTOK MpeCHbIX Bod, VIII — Bune, HbIHe peakHe B UepHoMopCKo-AA30B- 
cKoli o6macTu. IUlupuna AHHH, MpescTaBAIOUAX Te HIM HHbIC BHIbI, XApakTepH3yeT OTHOCH- 

j TebHY!O UaCTOTyY BCTpeyaeMOcTH 3STHX BHOB 


“TeueHHU Obl STIOXH yCKOpeHUa UM 3aMeieHud. Bo BpeMA SM0X 3aMe/WICHHA 
ycTaHaBJIMBaIMcbh JMHaMH4eCKHe PaBHOBecHA B MIpHOpexHOH momoce, YMeHb- 

wWaacb aOpasua GeperoB, HCCAKaJIM NOTOKM HaHOCOB H aKKYMYJATHBHbIe TpH- 

OpexHbie (opMbI (KOCHI, Mepecbinu UM Ap.) MerpanupoBasH H Aare pa3MbIBaJIHCb. 

Bo BpemA 90x yCKOpeHHA Hapyllauch JMHaMMdecKHe paBHOBecHA, aKTHBH- 

‘gupoBamach aOpasva uM B npuOpexkHy1o mosocy NocTynaH OoubuIHe MacCCbI. 
PIXBIX HaHOcoB. YcKopeHve TpaHcrpeccuH Beso CHauasla K OKOHYATEJIBHOMY 
“3aTONseHMIO CTapbIX TeHepalluH MerpasMpoBaBLIUx AKKYMYJIATHBHBIX (OpM, 
a TlosxKe BCJecTBve aKTHBHOM aOpa3suu MU OOWlero yBeIMNeHHA MOLHOCTeH T0- 
TOKOB HAaHOCOB — K YCHJIeHHOMY HapacTaHHIO HOBbIX TeHepallul. eS a 

| TuBHbIe PopMbl KepyencKoro MpoulHBa (xochl Ty3a, UyuiKa, K aMbILl- ee 
13* ? 


M Jip.) MO BIMAHHeM HepaBHOMepHOH TpaHCrpecCcHH HCIbITHIBaIM B nocdeney- 
HHKOBOe BpeMA NMOMOOHbIe NepHoAMYeCKHe Pa3MbIBbl MH HapacTaHua. : 

IIpeqpaputetbHad OOpaOoTKa KOJIOHOK JOHHEIX OTIOKEHHM NO3BONMMa ycTa- 
HOBUTb, UTO OMHA 3 MOCMeAHHX 9NOX YCKOPeHHA YepHOMOPCKOH TpaHcrpeccuyH, 
COMPOBOKMaBMAACA YACTHUHBIM Pa3MbIBOM HM 3aTOMJI€HHeM KPYyMHbIX akKKyMy- 
JIATHBHBIX (popM KepyeHcKoro mpomMBa, mayaeT Ha BTOpPylo MoOBHHY | 
J[PeBHEYEPHOMOPCKOTO BPeMeHH, T. €. IIpHMepHO COOTBETCTBYeT BPeMeHH OT- | 
JIOKEHUA Ka8aHTHMCKUX TOpH30HTOB AsoBcKOrO MOps MW CHHXPOHHbIX HM ropH- | 
30HTOB UepHoro Mops. B sTO BpeMA OCYMeECTBJIAIOCb LIMp OKOe Ip OHHKHOBeHHe 60- 
Jlee COJIEHbIX YepHOMOPCKHX BO B A30BCKOe MOpeH OcOmOHeHHe Bcero A3oB- | 
CKOro OacceHHa WIM, BO BCAKOM CJlyuae, ero 1OX%KHOM 4acTH. | 

B lauibHeiieM, MO-BHJHMOMy yKe B MepHO HauaBilerocd 3aMelJIeHua | 
TpaucrpeccuH, B KepyeHCKOM IIpOJIMBe HapOcJIM KpyNHble aKKYMYJIATHBHBbIe 
(popMbI (KOcbI), UTO OOecHedH0 Oomee NOMHYyIO H30NMqHIO A30BCKOrO MOpsA OT 
UepnHoro u ompecHenve a30BcKux BOL. IloBepx Ka3aHTMMICKHX COeB HavauH 
OTaraTbCA HOBOA3OBCKMe OCaKH C MeHee COeHOMOOHBOH dayHoH. 

TIpW paccMOTpeHHM KOJIOHKH, B3ATOM B Ka3saHTHncKOM 3aHBe (puc. 2a), BuI- 
HO, UTO HW2Ke Ka3aHTHIICKHX CJIOeB JIeKAT COM C tPayHOH COBpeMeHHOrO AIA 
sToro paiiona Tuna (KOoMMleKc Cardium edule — Abra ovata), B Hu3ax c mpH- 
MeCbIO HOBOSBKCHHCKUX (POpM. DTH NOcJeqHHe COM, BepOATHO, OTBeUAaIOT BUTA- 
3€BCKHM CJIOAM YepHOMOPCKOH OOacTH. OGeqHeHHe (bayHbI B STOM cylydae 
OObACHAeTCH He 3aTpyfHeHHOcTHIO cooOujeHHa AsoBcKoro u UepHoro mopeit, 
a OOIleH OOeIHeHHOCTbIO B STOT MepHoy, (BHTA3eBCKHe CJIOM) dbayHbl Bcero A3OBO- | 
UepHomopcxoro Gaccelina (3). 

Ka3aHTHIICKHe 2Ke COM M10 BPeMeHH, M10-BHMMOMY, OTBeualOT KasJIaMATCKHM 
cioam UepHoro Mops H, MOxerT ObITb, ellie H HM2KHEeH YaCTH HOBOUePHOMOPCKUX 
cJ10eB. 


Ilateoutonornueckuit HHCTHTYT Tloctynusio 
Axkajemuu HayK CCCP 21 VI 1960 


IMTHPOBAHHAA JIMATEPATYPA 


‘TA. Apxaunreascxudt, H.Crpaxos, Teomormueckoe crpoenve u HCTOpHA 
pasputHa UepHoro mops, WUsz. AH CCCP, 1938. 21°. HW. Topeuxuhi, Brow. 
MOHIT, ory. reon., 30, B. 2, 13 (1955). 3 JI. A. Hepeccxasg, a) JLAH, 121, Ne 1, 152 
(1958); 6) Tp. Oxeanorp. Komuc., 4, 132 (1959). 4E.H. Hepeccxuid, Tp. Wucr. 
okeaHol., 28, 23 (1958). ® K. H. Hecuce, a) Ipupona, No 5, 114 (1957); 6) Céopx. pador | 
Cryq. HayyH. o6m. Mock. TexH. HHCT. pbIOH. mpom. 4 xo3., M., 1957, erp: 3.) SoBailhaywnte 
Tp. II cpe3za 300N0roB, aHaTOMOB H rHucTosoroBp CCCP B Mocxspe 4—10 maa 19255 MM 1927 serps 
292.) EY. MoT Otvoisy a) JIAHe JOte Ne tits (1955); 6) Hayun. tp. HosBouepxacck. 
NOJIMTeXHHY. HHCT., Epepau, cekul. reoJ.-pass., 26, 151 (1955); B) Bronm. MOWT, otn. reow., 
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Jloxnagn Akagemunu nwayr CCCP 
1961. Tom 136, Ne 5 


[EOJIOFHA 


B. 1. CTEPJIHH 


O BO3PACTE BEPXHEM 4ACTH PA3PE3A IOPbI 
JJHENPOBCKO-JOHEWKOM BHAAMHbI HW CEBEPO-3ATIAXHbIX 
OKPAHH JOHEWKOFO CKJIAQYATOFO COOPY)KEHHS 


(II pedcmaeaeno: axademuxom J]. B. Haauskunoim 11 VII 1960) 


Ha cepepo-3anaqHbIx OKpaHHax Jlonellkoro cKJlaquaTOrO CoOpykKeHHA Hal 
OOMMTOBLIMM HM KPeMHUCTHIMH u3BecTHAKaMH c Martelliceras martelli Opp., 
| Perisphinctes biplex Lor., P. plicatilis Sow, P. cf healeyi Neum. (30Ha Mar- 
telliceras martelli BepxHero oKcbopya) BOM3H pala NOMHATHH (OpaxnaHTHKNH- 
HaJIM HM KyMovla) 3aseraioT BOLOPOCeBO-KOpaJVJIOBO-PpUPOBbIe U3BECTHAKH, 3a- 
| Melaloljvecd 10 MpocTupaHHio YepeOBaHHeM OOJIMTOBLIX M3BeCTHAKOB, TIM 
uM MepreseH (6—12 mM). 

Sra Toma, OTparxkalollad perHOHasbHbIe OCOOeCHHOCTH Mpollecca OcaKOHa- 
 KOMIeHMA, BbIeeHa B KauecTBe MeCTHOrO cTpaTHrpaduyeckoro Mospasqese- 
HUA MOA Ha3BaHHeM HWKHUX U3IOMCKHX Coes (*). B Het Cojep2KaTcA MHOTOUH- 
CyleHHBIe OCTATKH KOpasos: Thamnastraea concinna Goldf., Th. aff. nikoletti 
Koby, Isostraea aff. greenhoughi E. H., Dendrochelia donetziana Ratsch., 
 Stylina solida M’Coy, Dimorphastraea dubia From., Montlivoultia sp.; Opa- 
 xuonog: Jsjuminelina pseudodecorata (Roll.), Praecyclothyris moeschi done- 
_ tziana (Makrid.), Rhactorhynchia oscolica (Makrid.), Postepithyris cincta 
- (Cott.); mopcexux exeit: Paracidaris florigemma Phill.,’ Nucleolites scutatus 
Lam., N. dimidatus Phill.,. nesemunog, ractponoy HW eqHHHYHbIe ampa Peri- 
sphinctes aff. achilles Orb. 

TIpu o6njem sy3HTaHCKOM OO/MKe IIpuBexeHHOrO (bayHUcTHYeCcKOrO KOM- 
_ nuexca (?,7,°,") HmKHHe H3IOMCKHe COM He COMep2xKaT 30HAJIbHBIX PyKOBOAALLUX 
opm cpequeesponeiickoro BepxHero oKcopya HM NO MONOKCHHIO B paspe3e 
conocTaBsoTca c 30HOl Cardioceras (Amoeboceras) alternans PyccKoit mu1aT- 
dbopMpr H SamaqHon Espomnpi. 

Bpile cormacHo 3ameraeT TOMA, CIOKeEHHAA YepefOBaHveM [VIHHMCTPIX 
OOJIMTOBLIX H3BeECTHAKOB HM H3BeCTKOBHCTHIX TINH (1,5—3 m). Orcioza onMcaHbl 
Opaxuonoge: Rhactorhynchia quadriplicata (Nalivk.), Rhactorh. gurovi 
Makrid., Lobothyris engeli (Roll.), Phasianella (Bourguettia) striata (Desh.) 
(8), a y c. IIporononopku HaMy BCTpeueHbl rpu6oobpasHble KOJOHHAaIbHbIe KO- 
- pant Stylina u Thamnastraea *, 20 0,4m B quanmetpe. JI. JlyHrepcrayseH yka- 

BbIBAeT TakKoxKe Ha HAaXOZKH B STO TOME MHOPOUMCJICHHBIX HMI Paracidaris 

florigemma Phill. (°). 

Tlopomsr, cofep»xKalyve STH MCKONaeMbIe, KaK HW HWKHHE H3IOMCKHe CJION, 

He yaeTCH HeMOCpeACTBEHHO CONOCTaBUTb C CHHXPOHHbIMH ocankamu J[HempoB- 
 exo-Jlonenkoli BriaquHbl H Apyrux palioHoB Pyccxot maatpopmer. Ilostomy 
OHM BHIeeHbI B KayecTBe MeCTHOTO NOmpasyeeHuA MO HasBaHHeM BepXHUX 
- /M3IOMCKHX croeB (°). 

- Bepxuen3iomcKkve CJIOH B 3HAUHTeMbHOM Mepe YCJIOBHO COMOCTABJIAIOTCH | 
C HMKHeH YaCTbIO HHKHeErO KHMepH Ka. 


Seat mn 


i 
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| 


bs Onpenenennie E. UM. Kyspmnuesol. O 
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|Benuaetca paspe3 JOHENKOH MOPCKOM JOpPbI OOJHTOBLIMH U3BeCTHAKAMH 
(1—2 M) c MpocuIOsMH H3BeCTKOBHCTHIX TJIMH, MOJYYHBUIMMH HaHMeHOBaHHe 
HepHueeBbix (1) HH BepXHHX TacTponoyoBEIxX coeB (*). Orciofa OMMCaHb! ra- 
cTponogpr: Nerinea cf. ursicinensis Lor., Nerinella gurovi Lapk., Turbo tra- 
utscholdi Nalivk. et Ak.; neneyunognr: Modiola hannoverana Struckm., My- 
tilus parvus Roem. B paspes3ax y c. I]porononoBKu B HUX BCTpeyaloTCcA MewKHe, 
MOET ObITh MepeOTOKeHHbIe, OGMOMKH KOpasIOB HM OTMeYaTKH 4IeHHKOB 
pakos. 

Hepwueesble H3BeCTHAKH OOJIbIIMHCTBO aBTOpoB BCyeq 3a A. B. Typo- 
BbIM (7) YCJIOBHO BKJIOUAaIOT B COCTaB HWKHETO KHMepHKa. 

Mexjly HepHHeeBbIMH H3BeCTHAKAMH HM MaHHOJIOrMyeCKH OXapakTepH30BaH- 
HbIMM OTJIOXKCHHAMH HEOKOMA 3aJleraeT JOHeWKaAd CBuTAa (°) NeCTPOMBeTHIX, J1a- 
TYHHbIX H KOHTMHEHTAJIbHbIX OTJIOMKeHHH. 

HwxHAA dacTb JOHeMKON cBuTbI (2—4 mM) cogepxuT peqKue Hutsonia na- 
livkini Lub., Palaeocythere globosa Lub., Bairdia obliqua Lub. 

BepXuasa yacTb ZOHeKO cBuTHI (40—60 M) opraHHuecKHX OCTATKOB He CO- 
epxut. Jlonekad cpuTa NO yCOBHAM 3aleraHHA COMOCcTaBsAAeTCA C BepXHHUM 
KAMepHJ>KeM — BOJDKCKHMH ApycaMu. 

B J\nenposcxo-Jloneykoli BnaqHHe, B OTM4He OT CeBepO-3allaqHbIX OKpaHH 
JjonOacca, Haq oTMOxKeHUuAMU 30HHI Martelliceras martelli s3aneraeT 3Hauu- 
TeJIbHaA MO MOULHOCTH TOJIMLa H3BECTKOBHMCTHIX rIHH (60—90.M) BepxHero OKC- 
qopya c OOumbHEIMH Amoeboceras alternans Buch. 

Hay cnoamu c Amoeboceras alternans 6ypoBbIMu CKBaxKHHaMH B palioHax 
c. Xopou ObiH NepeceyeHbI U3BECTKOBUCTHIe KBapIeBO-rlayKOHHTOBEIe lecuaHH- 
KH H TleCuaHHCTble OpraHoreHHble M3BecTHAKH_C Nerinea cf. ursicinensis Lor., 
N. cf. piramidalis Goldf., uro nano noBog AIA OTHECEHHA UX K HWKHEMY KH- 
MepHDKy H COMOCTaBJIeEHHA C HEPHHeeBbIMH H3BECTHAKAMH JOHELKOH opp (2°). 
STOT BEIBOX Obi] IPHHAT HM aBTOPOM HaCTOAIeH 3aMeTKH. 

Iloqo6upie Mopoget MomHocTEI0 20—40 mM c mpocnoamu KapOoHaTHBIX rHH, 
aJI€BPOJIMTOB, a HHOa X€MOreHHBIX H3BeCTHAKOB (I VIMHCK) pacIpoctpaHeHbl 
mo BceH TeppuTopuu J[HenposcKko-Jloneukoi Bnaqunnt. M3 oprannyeckuXx ocTaT- 
KOB B HHX MPHCyTCTBy!IOT TaBHbIM OOpa3s0m qdopamuHHdeppl: Lenticulina 
minsteri (Roem.), Eoguttulina‘arcana Dain., E. lactea (Walk. et Iak.), Tur- 
rispirillina amoena Dain, Globulina prisca Reuss. 

§ Han omucannon Tomei B J[Hemponcko-JloneykoH BiaquHe 3aeraeT JOHeI- 
Kaa CBUTa, B OCHOBAHHHM KOTOPOH B palione I MHCKa BCTpeyeHbI MpOcsou ruica. 

Hactosuaa s3ameTka cojepxKuT JaHHble, {MOSBOMAIOULMe JeTaIH3MpoOBaTb 
H YTOWHHTb CTpoeHHe {UM BOspacT OTMOMKeHMH BepxXHeli YaCTH paspe3sa BepXHeli 
Oph YKa3aHHbIX PerwoHOB. KaMenHbId MaTepHad Obl MOmyueH OT TpecTOB 
«YKpHepTereopuspaspeqkay ui «X ap bKOBHeprera3p asBeyKa». 

B Tove KBapeBo-rayKOHUTOBBIX MeCyaHHKOB M MeCuaHUCTHIX OpraHoreH- 
HBIX H3BCCTHAKOB, PaCCJIOCHHOH TeMHO-CepbIMH KapOOHaTHbIMH TVIMHaMH HU 
a€BPOHTAaMH M 3asieraiouleH Ha “Cjlosx c ‘Amoeboceras alternans, B paspe3ax 
CKBaXKHH, MpoOypenHplx'B ‘paiione r. IIpuanyxu, cc. Omoum, JloporuHka, HaMu 
OOHapyXeHbI CTBOPKH Hi apa Exogyra virgula Defr. u‘otneyatku Aulaco- 
stephanus  sp., XapaKTepWsyloulwe BepXHHH KuMepHK PyccKkohH muart- 
(OpMBI. 

K socToxy, B paiione XapbKosau H. Boyouaru, HemocpeqcTBeHHO Ha rosy- 
OopaTbIX HM MaeBbIX TIMHaX BepXHero oxcdopyza c Amoeboceras alternans 
Buch. SayleraeT Tou,a cepbIX KapOonaTHBIX rMH (40—60 Mm), paccnoennas 
yCTpH4HuKaMu "u3 cTBOpoK Exogyra virgula Defr., KBapWeBO-r lay KOHHTOBbIMH 
MSBeCTKOBUCTBIMH IIOTHBIMA MeCuaHHKaMM | TleCuaHHCTHMH opraHoreHHbIMu 
M3BeCTHAKAMH (ckBaxKuHa Ne 311 nu gp.) 

B MIMHaX WacTO BeTpeyatoTca Aulacostephanus pseudomutabilis Lor., 
A. cf. kirghisensis Orb., pyxoBogsutue sonambuBIe (pOpMbI BepXHero KMMepH- 
Ka. Bpume BoowHe cormacHO 3aneraloT N€CTPOUBeETHBIE MOPOMb JOHEMKON 
CBUTbI, NOCTHraloutMe MomHOcTH 120 M uM GOomee M HeCOrmacHO MepeKpHITEIe 
ocalKaMH HeOKOma. 
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Cxema crparurpa 


PUN TOpcKUX oTMOKeHMM CeBepo-aanaguBix oKpann JloHeuKorO cKAaguaToro coopyxKeHuA H L1HenposcKo-JlonenKkoh BnagnuLt 


| 
| 


KopperAnounanm pervonaibHad crpaTurpaduyeckan CxXeMa 


———$$—$___— 


J\nenporcKo-Jloneukas enaguna | 


r 


remunle c Kepplerites goweria- 


mubie c Cadoceras elatmae 


TOro-BOCTONHAA WacTbh | 


Tloveukan cputa — NecTpOUBeTHBIe MIHHI, aTeBpOANTHI, MecuaHHKH. 
90—130 


MspecTHakopo-nectaHuKOBad TOJMLa — H3BeCTHAKH~’OpranoreHHble, nec- 
YaHEKH PiayKCHUTOBble, H3BeCTKOBUCTHIe, MiuHb! c -Exogyra virgula 
Defr., Aulacostephanus pseudomutabilis Lor., A. cf. kirghisensis 

Orb. 60—90 


Dlovueukaa cputa HbI necTpple 
¢ NpociosiMH necuaHtkos, asleBpomuToB. 
150—200 m 


H OcHOBaHHH OOAOMKM HepHHeeBbix H3BECTHAKOB 


VspecrHaKoBo-riuHNctaaA Tosa — H3BeCT- 
HAKH OpraHOreHHble MlayKOHHTOBBIe, PIH- 
Hbl H3BecTKOBHCTBIe |¢ Exogyra virgula 
Defr., A pseudomutabilis 


Taunnctan Tosula — PWHbI Cc MpOcIOAMH H3BeECTHAKOB, OpraHOreHHbIx 
c Cardioceras alternans Buch, Cardioceras bauchini Opp., §0—N/0 m 


Toama ranun c Cardioceras alternoides Nik., Cardioceras zieteni 
Rouill. 8—12 


Touula rnunucthix usBecTHaKOB u rau c Cardioceras cordatum Sow 
6—8 mM 


Toauta rauu ¢ mpocnommu usBecrnasKoB c Quenstedticeras lamberti 
Sow., Pelioceras athleta Phill., Euaspidoceras ponderosum Waag 
8—12 


kK c Kosmo-} Tonma rau c TIpOCcOAMY’ U3BeCT- Toula necuaHHKOB, TIHH C «Ke- 


Tlecuano-H3BecTHAKOBaA TONMLa — MecuaHHKH H3BECTKOBHCTHIC, PpaBeNMCTHe, MKeeSHCTHe 
HAKOB MH aseBpoHTOB c Kosmoce- I@3UCTLIMA OO;NTaMM u Kosmo-|u3pectHaku ¢ Erymmoceras coronatum (Brug.), Nautilus calloviensis Opn., Quenstedtice 
ras jason Rein., Kosmocerascastor | ceras jason Rein., Kosmoceras|ras henrici Douv. 2—6 M 
Rein., Quenstedticeras henrici castor Rein., Quenstedticeras|] © *= °° ° * ° 4? © 22 °9 Gee Rt 
Douv. 8—15 m henrici Douv. 6—12 m Mecuano-n3pecTHakoBas TOmMa—necKH KBapieBbie, MeCuaHHKH  2KeNegaeThIe, 


AneppuToBo-rnuHucrasd TomMa—aseB- | BepxuekaMencKas MoqcBHTa—rn- 
POUT, rIHHBI TemMHBIe c Cadoce- | net c Coniopteris hymenophyllo- 
ras modiolare Luid., Macrocephali- | ides Brongn., Cladophlebis den- 


tes macrocephalus Schl. 8—15 m ticulata (Brongn.). 12—20 m 


Equnan ctpaTurpaduyeckas Yunduunpopannan pernonanbuan 
mxkasa cTpaTurpaduyeckan cxema 
Pyeckotl niardopmpr 
3 apyc noxpapyc Mectuas 30Ha HAH cron ——— 
6 CeBepo-3anaqnan “wacTb 
Bepxunit Graspedites kaschpuricus 
Bepxunit 
cKHA |" a , ; 
Boras Cpeaunii | Graspeditus subditus | 
a ee 
Hwxnnit | Kaschpurites fulgens 
| 
Epivirgatites nikitini | 
Toveukad caura — ecTpoupernbie raunbl, aaespouurDt, 
Bepxuuii Virgatites rosanovi necuaHHKu, HspeAKa B OCHOBAHMH MvlacTE! runca. JY—9O mM 
Huxunli Vi ; 3 
| BomKCKHi irgatites virgatus 
Dorsoplanites panderi 
Hwxunit | 
Subplanites sokolovi 
Divisosphinctes fallax 
Kumepunk- Bepxunhi ite ei a pseudomuta- Tosa aleBponuTos ¢ NpocnOAMM [layKOHHTOBEIX NecyaHHKOB 
out ahi c Exogyra virgula Deir., Aulacostephanus sp. 20—25 m 
= 
Haseena Rasenia stephanoides u Car dio- 
i ceras kitchini 
| , Panncro-U3BeCTHAKOBAA TOMLa ~ M3BeCTHAKM KpeMHHCTHIe ¢ NpocvionMu 
5 Cardioceras alternans rIWH.. aneppomutos c Cardioceras alternans Buch., Cardioceras bauchini 
Opp. 70—100 
oS Bepxuuii 
olay seer martelli w Cardio-| Tonia KpemuucTeIx U3BECTHAKOB ¢ MpoclOAMU TAU, aseBpomUTOR 
x cenas zenalade ¢ Perisphinctes plicatilis Sow.. Cardioceras alternoides Nik. 20--25m 
Oxedopackult 
4 
Cardioceras cordatum 
aa) Hwxani 7 
Tomua Kp HHCTHX H3BCCTHAKOB C MpOCAOMMH TIMH, aJleBpOJUTOB 
| ! Cardioceras praecordatum Cardioceras cordatum Sow. 12-15 M 
| % “6 
| | Quenstedticeras lamberti Tota KpeMHHCTEIX USBECTHAKOB, PMH, ONOK H avleBpoTOB 
| B ail ¢ Quenstedticeras lamberti Sow., Hecticoceras glyptum Buckm., 
epxHuli Kosmoceras ornatum Schl. 10—15 m 
Peltoceras athleta 
| Toula TMH, avIeBPOMMTOB, KPCMHUCTHIX H3BECTHAKOB H_ ONO 
| ceras castor Rein., Kepplerites calloviensis Sow., Perisphinctes 
| submutatus Nik. 8—30 m 
| Erymnoceras coronatum u Kos- 
_ | Cpezunii moceras jason 
Keaopen- 
cKHA 
: : Tanuucrasd Tomula —riuHbl, asleBponuThl 
Kepplerites gowerianus nus Sow., 4—10™ 
Shea PAM RR 
OutLa —TJIMHbI, aeBpOJIHTHI Tel 
Cadoceras elatmae u Macro- | | 74HuCTaT 7 3 
F : c halites macrocephalus Schl. 8—20 m 
cephalites macrocephalus Nik., Macrocephalite p 
li LN | —————— a 
Hexunekaa CBHTa —PvIHHbI, aIeBPOMHTbI MUKPOCONCTBIE C_ MpoOcwoAMH 


Bepxuuit 


Ha 30HbI -He MOfpasjeiAeTcaA 


batck 2) | 


Pseudokosmoceras michalskii 
u Parkinsonia wiirtenbergica 


DS eee 


jHuxanit 
= 
= 
is Bepxanuii 
| = 
eo | Baitioccxun 
a 
Oo 
Huxunit 


Parkinsoniasdoneziana 


—. | yO 


Garantia garantiana 


Strenoceras niortense 


Stephanoceras humphriesianum 


Witchellia rossica 


nn 


Bepxuuit | 
Aaneucxui 

Huxunit | 

Bepxunit 
Toapcexuit Cpeanuti 


He xne i 


Hwxuuii u cpezunit 
newac 


JAH, 7. 186, 5, Crepann 


Ha 30HbI He NospaszenmetTca 


Leioceras opalinum 


Hammatoceras insigne, 
Lytoceras jurense 


Hildoceras bifrons 
Dactylioceras 


Huxunii | Hildoceras serpentinum 


Ha spycst uw 30HbI He 
nompasyqeisetca 


Tlogcruaatomue oSpasosanua 


cugeputos u Ammodiscus baticus Dain, Glomospira sp. 50—60 m 


CS ai Pai a ATC. Be) 


Tauuucran TON 


pembexaa cBHTa — necYaHuKH, 
| 


| 


40—60 m 


Sc ies Oe Ce aClgmity pte OF 


a—raHAbi c mpocaosimu cngeputos c Pseudokosmoce- 
ras michalskii Boriss. 20—30 m 


PIHHbI yrvivicTble, MHPUTHSHpOBaHHble. 


| 


Hexunckan cBuTa — PIHHBI, aJI@BPOJIMTbI MHKPOCJIOHCTLI€ C MpOCcJIOAMH 


cugeputos, c|Ammodiscus baticus Dain., Thurammina sp. 55—75m 


Twnuneras | 
ras michalskii Boriss., Pseudokosmoceras masarovici Mourasch. 
60—110 m 


Tamuuctan Touma —ramHE mecyanuctpec Parkinsonia doneziana 
: Boriss. 10—15 m 


eee 0 ea, >, ED! vetoes ter ep Meine ema? f0.ule)) 6) ose (eo) siiaece Le eS meas 


Opeabekaa cpiTa — NecuaHHKH, PAHHBI YIHCTHIe, MHPHTH3HPOBaHHBIe 


c Laccopte ris polypodioides Brongn., Pityophyllum Lindstrémii Nath 


Ammodiscus sp. 8—120 | Sow., Astarte aalensis Voltz, Macrodon verevkinense Boriss. 


Grane 


a—TaHuHBI Cc Mpocsosmu cugepuTos c Pseudokosmoce- 


Hepuueenpie uanecTHakw — usBecTHAKH OoauTOBBIe ¢ Nerinella gurovi Lajk., Turbo’ 
utscholdi Nal. et Ak./i—2 m 


Bepxuue  u3IOMCKHe | COM — M3BECTHAKM  OOAHTOBBIE ¢ MpocioaMH 
poantos-c’| Phasianella striata (Desh.), Lobothyris engeli (Roll.), 1,5—3 m 
HuoKHHe u3I0oMcKHe CIO — pudoBble HSBeECTHAKH, OOAMTOBLIe M3BecTHAKH C Thammastraea| 
concinna Goldf., Paracidaris florigemma Phill.. Perisphinctes aff. achilles Orb. 6—12 


pet SE, . phe eee - a ‘ea 6 ya ee 


TaAHH, 


es | 
VapectHakopan Towa — M3BeCTHAKH OO.1HTOBLIe, MecTaMM KpemHucTHe c Martelliceras mar- 
telli Opp., Peltoceras|cf. transversarium Quenst. 3—8 m ( 


. ° efe we eo wee wo we 8 8 eee eo SS ee er ees 


vertebrale Sow. 2—12 


a} ie . ope a 6 ee we 8 te 6 ha «fe ye) See (e) wl 7) Se) ee ee 


.| HapecrHakopast TOJa— U3BeECTHAKH OOHTOBBIEC, KPeMHUCTHe, NecuaHHKH pa 
waBecTKoBHcTBIe c Caidioceras ex gr. praecordatum Douvy., C. douvillei Arkell, Qi 
ticeras goliathum Orbs 1—2 m 


HsanectuaKopaa TOJULa — H3BeCTHAKH MecuaHHcTHIe, MeciaHHKH H3Be 
.jex gr. athleta Phill, Kosmoceras spinosum Sow., 


_ a 2 ee ae ne en 


yanectuaku c Kosmoceras jason Rein., Kepplerites calloviensis Sow. 3—8 m 


Bepxuekamenckasa noacsuta—raunnt ¢ Cladophlebis denticulata (Brongir.}, Elat 
vifolia (Dunk.) Nath., Gleichenites cycadina Schenk. 2—60 m 


HyoxnekamMencKasl NoAcBHTa — necyaHHKH Ty(poreHHBie, Gypble 2enes 
monotis donetziana Boriss., Ophiolepis sp., Equisetites Beanii (Bui 
lei Thomas. 50—100 m ‘ 


. . ae 6 we Ge ene ce! BS ifs) wee Sr eee 


Tvnuncras Tomtla —TavHbl C NpocwosMH CHepHTOB a 
riss., Pseudokosmoceras masarovici Mourasch. 20—40 


Tmuuctaa Tonia —PAHHBI, MpOCaOM CHZEpHTOB ¢ ; nsonia donetziana Bo! 
kinsonia aff. parkinsoni Sow., Pseudomonotis doneziana Boriss. 25—30 m 

Tlecuano-rauunctaa Tomula — necs OHHTOBBIe, : 
TMIHHbI C 2KeNeSHCTHIMH OONHTAMH C 
Orb., Garantia minima Wetz. 
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Mecuannkopas Toamla — necuaHHKH, anespomitTH, rannpi c S 


os S256 ¢ sie) sieutee (Shae © ° «6 6 et 


Tlecuannxopaa Tosa — necuanHKkH, aeBpOTHTH, TaHHY c \ 
Witchellia rossica Boriss., Cristellaria reticulata Schw 
Tlecsanuxosas Tolla — nec’aHHKH 


KOCOCHOHCTEIC. 10—20 m 
| 


ScrepHesble Con — rant 
stheroides sp. Pseudosther 


aR ear Th) Le) a) tense - 


Jluurynopnie cron — rs 
metensis amadocensis 
| Blank. 10—20 m 


eri licatpey ana e al 


a r 


=| siete 


< Manta. 


> anda lbede 


——_ 


| MopeKue oT10x%KeHHA BepXHerO KUMepHMKAa, KOHTAKTHpyiolMe C OCayKaMH 
okcopya, pacnpoctpaHensi, no qanuprm II. A. Tepacumosa u B. H. Ipeodpa- 
2KeHCKOM, Ha lore Bopounexckol aHTeksH3bI (c. Pycckaa Jlo3opaa u gp.). Io- 
CJI@qHHM HCCJIeqOBaTeJIeM OHM yKa3bIBaHCb B paltione H. Bogouarn. © 

Takum o6pa3om, K 3allafy OT eCTeCTBeHHbIX BbIXOJOB JOHEMKOM IOpbl, B O6- 
nactTu J HemposcKo-JoHenkoli Ba HHI H 30HbICOWIeHeHHA ee C JLoneIKMM CKsIaq- 
YaTbIM COOPy2KeHHeM, pa3spe3 MOPCKHX OTVIOKeHHH BepXHeH IOpbl 3aKaHYHBAeT~- 
CA OTOXKeCHHAMH He HMKHEFO, KaK IIPHHHMaJIOCb paHee, a BepXHerO KHMe- 
puma. 

Kak H BO MHOrHX paiionax Pycckol muatdopmnl (°), 34ecb ycTanaBsMBaeTca 
-cTpaTurpaduyeckHi MepepbiB, MpHXOAAMMHicAH Ha HMKHeEKHMePHIKCKHH BeK, 
Tomumo cment! dbayHucTuyecKHX KOMIVIeKCOB 93TOT NepepbIB uacToO PUKCH- 
pyeTca ropu30HTom cbocdopuToBbIxX rasieyek B OCHOBaHHH TOJIMM BepXHero KH- 
MepHypKa (XapbKos, Boponara u p.). 

Tlpupenenuble aHHble MO3BOAIOT YTOUHUTb TeOJIOrHYeCKHH BO3pacT O- 
“€lKOM CBHTbI B palioHe XapbKoBa H 3allayHee U Oosee yBepeHHO COMOCTABIAT 
9TH OTJIOXKeHHA C OCAIKaMH HMKHEFO BOMKCKOFO ApyCa, PaSBUTbIMH B MOPCKUX 
qballuaX Ha 1OX%KHOM cKsIOHe Boponexckoro KpHCTamMyecKOrO MaccuBa, Tye 
OHH, No ZaHHEIM B. H. [IpeoOpaxenckoi, ocTuratoT mourHocTH 40 m u Oowee 
_ (Ile6exuuo). 

. Komnutexc cbopamunndep: Lenticulina compressaformis (Paalz.), L. magna 
(Mjatl.), L. russiensis (Mjatl.), L. miinsteri Roem., L. infravolgensis (Furss. 
et Pol.), npuBoqumplii B KayecTBe XapakTepHoro JIA BepXOB OKCPOpACKOrO 
apyca J|HenposcKko-J[onenkol Bnagqunb (*), BCTpeyeH H B IvIMHaX BepXHerO KH- 

_mepuyyxa. Heo6xoqumo mepecmoTpeTb MomoxwkeHHe rpaHHibl OKcopya C KH- 
MepH2KeM B TeX paspe3aX BIaMHBI, re OHA yCTaHOBVIeHa M10 payne PopamMuHH- 
hep. 

Ha cepepo-s3alaqHblx OkpanHax JlonelKoro CKJ1aquaTOro COOpyKeHHA B pai- 
ove Bompeukoso u CIMBaKOBKH B MeCTpOIBeTHIX PIMHaX OCHOBaHUA JOHELKON 
CBUTbI HAMH OTMC4aJIHCb OKAaTaHHble OOJIOMKH HeEPpHHeeBbIX H3BCCTHAKOB. 

B uusoppax 6. II]nocxoii (Bomauoit) y c. IlporomonopKu HemocpeyCTBeHHO 
Ha HePHHeeBbIX HM3BeECTHAKAX C AMpaMM racTpoOnoy M OMHOUNbIMM KOpaaMu 
3anleraeT TOPpH30HT CO CTpyKTypol KOHyc B KOHyc (°), Mepexozamun KBepXxy 
B CHHHe TIMHbI HH30B JOHeIKOM CBHTHI. 

B BepXOBbAX 9TOM Ke GaKH HepHHeeBble H3BECTHAKHM COfepKaT AMPa TPU- 
rOHHit H CMeHAIOTCA BBepX’M0 pa3spe3y HSBeCTKOBHCTHIMM KBaplleBO-NOsMeBOUIMa- 
TOBbIMH MeCuaHHKaMH Cc 3epHaMH IlayKOHHTa. 

Ha 3amaqnuom cKoue roppt Kpemeneu, y r. M3ioma, Ha riaqKOH MopepX- 
HOCTH HepHHeeBLIX H3BeCTHAKOB — OCaKOB MOPA C HOPMaJIbHOM COJIeHO- 
CTbIO — C JIMTONIOrHYeCKH pe3KHM KOHTAKTOM 3avleraeT TOJMa KPpdaCHbIx 
JlaryHHbIX TJIMH C MpHBe/eHHbIMH BbIIle OCTpakoqaMu Bairdia u Palaeocy- 
theridae. 

Bce 9sTO JaeT OCHOBaHHe CUHTATb, UTO CMeHA MOPCKOYFO OCAMKOHAKOIVJICHHA 
JaryHHbIM, (PHKCHpyeMad MepexoOM OT HepHHeeBbIX M3BECTHAKOB K TVIMHaM 
MOHeNKOM CBUTI, IPOMsOlIa He MocTemeHHO |— eH NpesMecTBoBal CTpaTurpa- 
cbuyeckuH TepepEls, COBMamawluluH, KaK H B JinenposcKo-Jlonelkon BiaquHe, 
110 BPCMeHH IIpOABJIeHHA C HWKHAM KHMepHDKeM. Takum o6pa30m, HepHuHee- 
BbIe H3BCCTHAKH, 3aleratollve Mo MOBepXHOCTHIO NepepbiBa, CWeyeT OTHOCHT 
K OKC(bopacKoMy Apycy. OTA MbICJIb HeaBHO Oba BEIcKa3aHa V1. tO. Jlanku- 
HBbIM 

Jlonelkaa CBUTa Ha OKpavHax Jlon6acca, 3asieraa CO CleqaMu MepeppiBpa Ha 
HepHHeeBbIX U3BeECTHAKAX, B HWKHEH cBoeH 4aCTH MpHHaviexkHT BepXHeMYy KH- 
Mepumxy. 

Ilpupenenupie Janne OOulerualoT KOPPeJIAIHIO (bopMalluM JlaryHHbIX, 4a- 
CTO KpaCHOUBeTHBIX, OCAIKOB THTOHA tora Aspmulickoli 30HbI CCCP c (palwaIbHO 
CXOMHOH TONMel maryHHbIX, Me€CTaMH THIICOHOCHBIX TMeCTPOUBeTOB AOHEIKOM 
CBUTH, a TakKxKe yTOWHAIOT Maseoreorpapuyeckyto o6cTaHopky tora PyccKon 
MaTPpOpMbI B KOHIe IOPCKOM STIOXH. 
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[IpeqmouaraemMoe HaMH COOTHOIeHHe THIOBLIX pa3spe30B IOPCKUX OTMOXKeHHH 
oxpanu J[onOacca u J[HenposcKo-Jlonelkol BnaqMHbI MoKa3saHo B Tab. 1. 


YkpavHcKuh (puna BcecoosHoro Tloctynuso 
HaywHO-HCCJeOBaTeIbCKOO HHCTHTyTa 7 VII 1960 
MpHposHoro rasa 
XapbkoB 


UMTHMPOBAHHAS JIUTEPATYPA 


1A. A.Bopucsk, Tp. Teon.Kom. nos. cep., B. 3 (1905).2 A.B. Py pos, K reono- 
rau ExatepHuocaapcKoli H XapbkoscKoli ryOepHuli, XappKos, 1882. %H. E. Kaucxu ii, 
B. Il. Makpugun, B. N.Crepaun, 3an. reon. max. XappxKosck. roc. YHHB., 18 
(1956). #0. K. Kantrapenxo-Uepunoycosa,leon. xypy. AH YPCP, 20, 
B. 2 (1960). LT. A. Kpstmroasu, E. E. Murauesa, B. 7. Crepaun. 
OpeKne otsoxwkenna Pyccxolt nuarpopmet. PeomoruyecKkoe crpoenue CCCP, 1, Crpaturpadus, 
M.,1958. ° HW. 10. Jlankuu, Biona. MOMII, orn, reon., Ne 1 (1959). 7 Jl. ®. Jly u- 
repcrays3eu, JIAH, nos. cep., 41, Ne 7 (1943). 8B. Tl. Maxpugun, Bpaxvo- 
NOMbl BepXHelOpCKHX OTIoKeHHH JonenkKoro KpsxKa, XapbKoB, 1952. %® B. Tl. Crepaun, | 
Ocagouniie dopmauun Borbuoro JJouGacca. Tes. AoKs. MexKBY30BCK. CoBell., Xapbkos, 1959. 
10. M. A muu4en ko, leon. xypx. AH YPCP, 10, B. 4 (1950). 44G; Av Triawds 
schold, Bull. Soc. Natur. de Moscou, Ne 4 (1878). 
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Jjoxnaann AKkayeMun Hnayk CGGP 
1961. Tom 136, N85 


IIETPOTPA®HA 


M. f. BEPFEP 


O HE®EJIAHOBbIX MOPOJAX KUA-WAJITbIPCKOFO, 
FOPAYEFOPCKOFO HW KYPLYCYJIbCKOLO WMHTPY3SHBOB 


(CEBEPO-BOCTOUHAA YACTb KY3HELWKOFO AJIATAY) 
(IIpedcmaeaexno axademuxom JI. H. Iep6akoeum 29 VI 1960) 


B mpeylenax ceBepo-BocrouHoH. uacrH KysHelKoro Anatay HecbeMHOBBIEe 


_ MOpofbl pasBHTbl Ha OFpOMHOM TeppHTOPHH, MOULayb KOTOPOH COCTABJIAeT 


MHOrHe THICAYH KBapaTHbIX KHIOMeTpoB. PaccmaTpuBaemble MecTOpOxKeHuA 
ABJIAIOTCA OMHUMM U3 HanOoJlee 3HAUHTeJIbHbIX Ha 9TOU TeppHTOpHuH. Pacnowio- 
}KEHbI OHH B CM@XKHBIX palionax yoro-3anaga KpacHospcKoro Kpait (fopsuerop- 
cxoe u KyprycysibcKoe) HM BOcTOKa Kemeposc Koi o01acTH (Kusa-[antpipcKoe). 

TopsueropcKoe MecTopoxk enue ObIIO H3BeECTHO CpaBHUTeJbHO yaBuo. O Hem 
ynomunaet, BuactHocTu, emle A. H. Uypakos (5). Bomee fetasbHo paccMaTpHu- 
paet ero M. K. Baxkenos (1), HaHHble KOTOPOTO, OAHAKO, yxKe 3HAUMTEIbHO yCTa- 
peu. B flampHeiimem Topsueropckul HHTpysHB usyualicA MHOrHMH MccueqO- 
Batenamu. HanGonee BaxkHble pe3ybTaTbI ObIIM NOyeHbl 3. E. DPexopoBpi, 
VW. B. Jlyauuxum u B. IT. Muxasespim. Kua-Ilanrpipexoe u KyprycybcKoe 
MecTOpOx*K eH OTKPHITHI B 1957 1r., 4O HAX MMeIOTCA JIMLIb ipesBapUTeJbHBIe, 
OTpbIpOUHEIe cBefenusn (?~“). 

PaiioH, B KOTOpOM pacnosaraioTcA HCCeMOBaHHble HATPYSMBP, HaXOJMTCA 
B mipefesax ceBepO-BOCTOUHOrO OKOHYAHHA KysHeukoro Asatay, B o61acTH 
cousleHeHUd 9STOM TOPHOM CTPaHbI Cc CHCTeMOM MexKTOPHEIX KOTJIOBHH, CJIMBal0- 
WMXcA B ABe OOWMpHbie BMAaHHbI — Uysnimo-Euncelickyio u Hasaponcyio. 
Teonoruueckoe crpoenue paiiona xapaktepusyeTcA HaMaveM ABYX CTpyKTyp- 
HbIX APYCOB, pasrpaHu4eHHbIX Pe3KHM YIJIOBbIM HecOrJlacheM. Hwxkuui CTpyK- 
TYPHBIM sapyc npefcTaBseH HHTeHCMBHO MeTaMOp(H30BaHHBIMH, CJO%KHO AMCIIO- 
IMpOBaHHEIMU, Pa3sOUTbIMA MHOTOUMCJICHHBIMH JIM3bIOHKTHBAMH MOLLHBIMM TOMI 
IaMH MpeHMylecTBeHHO KapOOHaTHBIX, HO TakxKe TePPHTeHHbIX HM BYyJIKaHO- 
TeHHBIX MOpO NpoTeposos, CHHHA H TepBOH MO/IOBHHbI KeMOpus M MpOppiBalo- 
IIMMM 9TH MOpofsl HHTpy3HBHEIMM oOpasoBaHHAMu. TIpoctupasch B cyOMepH- 
WMOHAJIbHOM HaMmpaBsleHun, ApeBHve cKsaqyaTble CTpyKTYpbI Ha ceBepe MH BO- 
cTOKe MOAOro NorpyKaloTcA MOM TOM MOpos BepxHero cTpykTypHoro spyca, 
gasleralole CpaBHUTe/IbHO CMOKOMHO M MpeACTaBJIeHHBIC TlOKPpOBaMH HMKHEeIe- 
BOHCKUX BYJIKAHOPeHHEIX OOpasoBaHHi, a BBILe — IIPeHMYIeCcTBeHHO TeppH- 
TeHHLIMH MOposaMu BTOpOM MOMOBMHI WeBOHA, Kap6OoHa, MepMH HM I0pbl, KOTO- 
pble, B OCHOBHOM, pa3BUTbI K ceBepy H BOCTOKY OT paliona pacnoowKeHud pac- 
CMATPHBaeMbIX MeCTOpOx*KAeHHH — Ha TeppHTOpHu KOTJOBHH, MPHMbIKalouyAXx 
K KysHenkomy Avsatay. 

Cpequ u3BepxKeHHbIX Nopoy cepepo-BocTouHon uacTH Ky3Hellkoro Anatay 
PasJIMYHLIMH CCsIeLOBaTeNAMH BbieAeTCH PAM KOMIIJI€KCOB, KUCJOTHOCTb 
Op Off KOTOpLIX, B OOIMeM, BOSpacTaeT OT Gomee IpeBHHX K MOJOfbIM (OT yuIbTpa- 
OCHOBHBIX K KUcsibIM). HedbenHHOBble MOpOfbl HCCseOBAHHbIX WHTpy3HBOB AB- 
JIAIOTCA OMHUMH HZ HanOoslee MOJIOAbIX MaTMATHYCCKUX o6pasoBanul. CaMbiMu 
MOJIONLIMH U3BeEpxKeHHLIMH MOpoaMu CuMTAIOTCA jaiiku 6a3abTOB, OPTOPUpoB 
M acceKcuToB. M3pecTHEI TAaKxKE Tea MOJOC[bIX OCHOBHDIX H [1/eJIOYHO-OCHOBHBIX 
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oOpasoBpanul, (OpMHpOBaHHe KOTOpPbIX B OTIe/bHbIX culyyaax HemocpescTBeH- 
HO IIPeMecTBOBAIO BOSHHKHOBeHMIO .He*eMHOBLIX MOpon. 

Bo3spacT Nopok mjeO¥HOro KOMIVIeKca, CoracHO B3rmsqamM OombIIMHCTBA 
MCCIEMOBATeIeH, NMOCJeHHKHEeBOHCKHH (MpewKuBetckuii). OnaKo celiuac 
NOABHJINCb JAaHHble O TIpopbilBe HeeMHOBbIMA Topofamu (GepemuTamu) na 
OTJ@bHBIX yuacTKax (CeMeHOBCKOM H K BOCTOKY OT 03. Ana6yra) otnoxenuit 
2KMBETCKOTO Apyca. 

K MOMeHTy BHeApeHuA WeNOUHEIX HHTpysuit CeBepO-BOcTOUHad YacTh Ky3- 
Hekoro AnatTay mpectapiana co6oh o6macTS 3aBepINeHHOH CKaquaTocTH c | 
2KECTKUM MATPOPMeHHLIM PexKUMOM, CCbOpMApPOBaHHy10 B KaJIeQOHCKy10 STOxy 
TeKTOreHe3a (IlaBHbIM O6pa30M, B camaupcKyt0 (pazy). 

HccileqOBaHHble MHTPY3HBbI ABJISIOTCA HeEOOMbUIUMH (0maqbI0 B 1—4 xm?) 
Aavko-H wWTOKOOOpa3sHbIMH TelaMM M OTHOCATCA K THIY TPeUMHHbIX C HeKOTO- 
PHIMM “epTaMH HHTpysHi WeHTpambHoro Tuna. Cranopneuue HHTPY3HBOB IIpo- 
HCXOAUJIO B HECKOJIBKO IOCJI€QOBATeIbHBIX BO BDEMEHH (a3, MPHUeM B OTeAbHEIX 
caydaax (ypTuTst Kua-llantsipcKoro maccupa) oTmeyaetca HeOJHOaKTHOCTb OO6- 
pasoBaHud HepeMHOBEIX MOpOA OfHOrO H Toro xe cocTaBa. OcHOBaHueM JIA T10- 
CHEAHCTO SaKINOUCHHA HOCAYKHIO, B YaCTHOCTH, OOHapy2KeHHe B ceBepHor 
TOJIOBHHE YPTHTOBOTO Tesla STOO MecTOpOxKLeHHA Oovlee ApeBHUX, ueM YPTHTHI, 
oOpa30BaHuit (rmaBHEIM 060pa30M, HionMT-NopuposB H OnW3KHX K HM), ABJIA- 
1OWNMXCA TaHKOBLIMM AaHaOraMH WeNOWHOl MarMBl, MaButeit Hayano YpTuTam. 

Cpeiw WeO4HbIX Nopox ucceqOBaHHBIX MHTPy3HBOB HavOosbiIee pacnpo- 
CTPaHeHie MMeIOT THTAH-aBrHTOBbIe YPTHTHI, TMOPOML HecbenuH-cHeHHTOBoroO 
(TOuHee YPTHTO-CHeHUTOBOrO) pala, mMeOUHEIE radOpouet (o6braHO 6IM3KHe K 
TepamuTaM), MOpoXb MpoMexkyTouHoro cocTaBa (Tepanuto-cuenuTh). Xapak- 
TepHO, 4TO OeCHONeBOUINATOBLIe H COxepKalllve NOMeBEIe IMATE HedeJIHHOBbIe 
MOPOAbI OOOCOGMeHLI B MPOCTPaHCTBe HU, BEPOATHO, BO BPeMeHH CBoero o6paso- 
Banus. Tax, Topsueropcxuit u KyprycyJ1bckuit HHTPy3HBEI CIOMKeUBI Hecpes1u- 
HOBPIMH MOPOLaMU TOJIbKO MOJeBOWIMAaTOBOH accomuannn. B Kua-[anteipcKom 
MHTPysube HaGMOMaOTCA Kak Te, TAK M Apyrue MOPOAbl, OMHAKO OHH OOpasyloT 
pe3ko oOocoOseHHble Tela, npuueM Ha OCHOBaHUH HaOJHOeHUA HenocpelcTBeH- 
HDIX KOHTAKTOB yCTaHaBJIMBaeTCA, YTO NOPOAb NoeBOUIMATOROL accolHalnn 
(HetbeMHOBbIe CHeHHTEI) ABMAIOTCA Oonee MOJIOQBIMH, YeM He coseprKarlue 
MONeBOH WmaT (ypTuTst). 

Ilaparenetuueckue KomnmeKcut MHHepaJIOB B MpeeaxX OTICbHEIX HHTPy- 
SHBHPIX Te JOBONbHO ycToiunBE. B TO Ke BpeMa KOMMUeCTBeEHHBIE B3aMMOOT- 
HOUICHHs! MeXKY MUHepaslaMu B peyemax COMbIIMHCTBa Ten HCIIbITHIBaIOT XOTA 
HW HE pe3skuve, HO NOpOh 3HauNTeNbHBIe MO aMILIMTyWe KoIe6aHua. Oco6eHHo 3TO 
XapakTepHo JIA MOpok ypTuTo-cuenuToBoro PpAqa, WAX KOTOPEIX OOBIMHO 
MOXKHO IIPOCJe IMT MOCTeMeHHBIe Nepexob B TaKoii MOC JIe(OBaTeJIbHOCTH: He- 
(beIMHOBLI cHeHuT — YPTHTO-CHeHUT — noseBOMINMATOBLIt yptTut. Tloqo6uaa 
TOcAeHOBATebHaA CMeHa MOpok Mpoucxo_uT wHorza H€3aKOHOMepHO B IIpo- 
CTPaHcTBe, OMHAKO BCe we yaeTCA NOAMeTUTD OOULy!0 TeHeHWMI0 K Bo3pacta- 
HU10 ColepKaHuA HecbeMHa B nopore B HanlpaBeHHAX CHH3y BBepX M OT KOH- 
TAaKTOB K IeHTPaJIbHBIM “acTsaM Ten. Takan xe TeHeCHIMA yCTaHaBJIMBaeTcaA H 
ANA UWeJOYHBIX MOJIEBLIX IMaTOB, IpOTHBONONOKHaA — AJIA UBeTHEIX MMHepa- 
JOB. OUVeBUHO, STH ABIEHHA OObACHSIOTCH MpoweccaMW rpaBUTalMoHHoN juc- 
(bepeHivanun mpu nogbeme wenounpx PaciaBOB B BepXHHe TOpH3OHTHI Hin 
situ B KaMepax nuyTOHOB, a TaxxKe ACCHMHIAIMeH OOKOBLIX MOpO Ha 3TUX 2KeE 
CTalMAax (OpMUPOBaHHA HHTpysuil. 

Ce TpyNMbl HHTPySHBHBIX HedeJMHOBHIX MOpo COMpoBox ates BecbMa 
PasBUTOH HM pa3zHOOOpasHoli CepHeli AaiKoBLIx OOpasoBaHuil, B GouBLIMHCTBe 
CTyWaeB TakKKe HedeMHcosepxKamux. Ito HHOMMT-Nopdupbl, MUKpoutiomuTHT, 
YPTHT-TOpupbl, KAaMNTOHUTHI, OepelmMTE, HecbeMHOBBIE CHEHHT-NOpdupH, He- 
eIMHOBEIe H WenOUHDIE CHCHUTHI, THHTYaWTbI HM HEKOTOpHIe pyrue. 

Cuelyet oTmetuth PasJIM4HA B COCTaBe TocTMarmMaTHuecKUx oOpa3oBaHnii, 
COMPOBOXKAaloulAx Hebe HHOBHIE MOposbl CecnoeBoMMaTOBOH MH NOMeBOUIMAaTO. 
BO accoumanui. C nepBbimu cBa3aHbl COWaIMT (TaBHEIM O6pasom, TaKMaHHt), 
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‘TpauT, HaTpOUT, KaHKPHHUT, KapOoHaTHbIe H KpeMHUCTO-KapOoHaTHbIe OOpa- 


- S0BaHHA, muGeHepuT, cymb@usbl. B HedeHHOBLIX MOposax BTOpol accoumalnu 


~yry fr oF 


eo 8 Oe ee 


MMeIOT 3HA4HTeIbHO Ooslbillee pasBuTHe KapOoHaTHble, KPeMHHCTO-KapOoHaTHble 
Wi KPeMHUCTHe OOpasopaHUA, MpHCyTCTByIOT (COpUuT, ambOuT, rpadut, wWeo- 
JT, CYAbDULLI M HeKOTOpble Apyrve MuHepasl. Cpadur B mocseqHeM cmyuae 
BCTpeuaeTCA SHAYHTEIbHO pexe, YeM B CBASH C Oeco/eBOMINATOBLIMM HeesH- 
HOBbIMH Mopomamu. TlocueqHee OOcTOATeNbCTBO, OUCBHAHO, CBASAHO C TeM, YTO 
yPTUTHI Ha 3HAYHTeIbHOM MOA MpopbiBaloT MOpoOsb, OOoralleHHEle opra- 
HUKOM, B TO BPeMA KaK Ha TePPHTOPHH pasBUTHA MOMeBOWIMATOBLIX NOpos 
MpeuMyllecTBeHHOe PaciipocTpaHeHue MMeIOT OeLHble OpraHuKOH MOposE. 

Tip HecOMHeHHEIX pasIM4HAX MexKy OOCMMM BBIeeHHBIMH aCCOlMallsiMu 
He*eMHOBbIe TOPOL HSYYCHHEIX MHTPY3HBOB OOaLaioT MHOrMMM OOULMMH TeT- 
poxuMuyeckumu vepTamu. Bce rilaBHble THIbI HetpeAMHOBLIX NMOPOL OTHOCATCA 


2) Na O Ae) 
K IlJIOMa3HTOBOH rpynine N20 NO = 0,52--0,88. CoorHomuenue Na,O, 
K,O u Al,O; aBaaetca HeOaronpHATHEIM AA OOpas0BaHUA HaTPMeBbIX TeM- 


HOIUBeCTHEIX MUHeEPaJOB lane = 0,44— 0,84). MoxKHO OTM€THTb Tak2Ke 
2V3 2 

OObIMHO TIOBbIMeHHOe cosepxKaHve B He*eMHOBHIX NOpofaxX OKMCH KaJIbIHA 

lO CpaBHeHHIO CO CpeHUM ee COsep%KaHHeM B MOMOOHBIX NOpomax. 

Ha ocHoBaHHuH BO3pacTHOH MU MpocTpaHcTBeHHOM O/IM30CTH OCHOBHBIX, IlesOu- 
HO-OCHOBHBIX H IeOUHEIX Nopok (mpuyem -MocmeqHHe sABIAIOTCA* HaMOouee 
MONOJLIMU H3 STHX Tpex Ppyln), HasWuHA MHOTHX CXOMHEIX ocoOeHHOcTei Mx 
XHMHUeCKOrO H MHHepaIbHOrO COCTAaBOB HM JIpyrux OOWMX YepT, a TakxKe Ha OC- 
HOBaHHM aHaviu3a OTICIbHBIX BaxKHbIX OCOOeHHOCTeH cocTaBa HedesHHOBbIX 
opo, UW XapakTepa eFo SBOJIONMH yCTaHaBIMBaeTCA TeHeTHYeCKAA CBASH He(pe- 
JIMHOBBIX MOpO BCeX HCC/eLOBaHHbIX HHTPY3HBOB C OCHOBHOM MarmoH. B xoze 
MarmaTuyecKonH uddepeHunalHuN MepBOHAUaAIbHO MNPOWCXOMJIO o6oramenve 
pacraBoB Wetouamu (TraBHbIM OOpasoM Na), ruimHO3eMOM H JleTyYMMy (TaB- 
HEIM oOpasom P, Cl u S, a orgactu F, H,O u, Bo3MoxxHO, yrsepoyom). B jaub- 
HeiiilleM 9BOJIONWMA COCTaBa MarMbI B pesyJIbTaTe MpoleccoB riyOuHHOL mudde- 
peHimauu Opiia HampaBsleHa B CTOPOHY YBeJIMYeHHA OTHOMICHUA FeO : MgO, 
BO3pacTaHUA POJIM KaNHA CpesM WesoUeH, oOoralleHuAl KpeMHe3eMOM Hi JleTy- 
uumu (riaBHbim o6pasom F, H,O u COs). 

Ilpu d@opmupopanuu MHTpy3HBOB He(eMHOBBIX MOpOR CyIecTBOBAIH MHO- 
TOUNCMeHHEIe OlarompHusATHble yCJIOBUA, CMOcOOCTBOBaBLIMe MHTeCHCHBHOMY 
MIPpOABJIeHUIO IpolleccoB BSaMMOJeHCTBUA MAarMbI C BMCHLaIOnHMH o6pas0BaHia- 
MM: IIpeMMyllecTBeHHO KapOoHaTHbIlt COCTaB BMeIILaIOulHXx HOPOA, rumaduccasb- 
HbIe€ TyOMHbI (@OPMUPOBaHHA HHTPy3HBOB, AKTHBHOCTH 6oraTHIx JlIeTyYMMH 
THeJIOUHBIX PaCIaBOB, MOOMJIbHOCTb TeKTOHHUeCKOH OOCTaHOBKH B epvoy 
BHeEMpeHHA H KPHCTAJIM3alHH MarMbl, OTKPBITbIi XapakTep Ha KaMep M Jp. 
Tlepucbepwueckue 30HbI HHTPy3MBHLIX TeJl, KOHTAKTHPYIOUIMX, B yacTHOCTH, C 
KapOOHaTHBIMM OOpasoBaHuAMH, OOeMHEHDI WleOYaMH Hi o6orallleHbI KaJIbIMeM. 
B Hux HaGmolaeTca MOBbIMIeHHOe cosepxKanve UBeTHEIX MUHepasoB, alata, 
BO3pacTaHHe OCHOBHOCTH MlarMoka3sa MT. I. OmpefeseHHOoH 3aBMCHMOCTH 
Mey CTeMeHbIO KOHTAMHHUPOBAaHHOCTH MarMbl OT/CJbHbIX MHTPy3HBHBIX (a3 
WH OTHOCHTeEIbHBIM BO3PaCTHBIM MOJIO*KeHHEM ITHX (bag He yCTaHaBJIMBaeTCA. 
CneqyeT 3aMeTHTb, UTO OCHOBHbIe pas/MuHA B CoCTABE HebeJIMHOBBIX TNOpoy 
VCCeMOBAHHEIX HHTPY3HBOB B GOvIbIIMHCTBe CiJTy¥aeB He SaBUCsT OT cocTaBa 
BMeILaIOWHX MOpo BepXHHX TOPH3OHTOB. Tak, HalpumMep, TpaxHTOMHbIe 
ypTuto-cnenutTer KyprycyIbckoro HHTpysuBa, pacnosararomlueca cpequ Kap6o- 
HATHBIX MOpon, Couple OTMMYAIOTCA OT TUTAaH-aBruTOBLIX ypTuToOB Kus-Man- 
TbIPCKOTO MHTpy3HBa, 3asleraioulux cpeAM, B OOIIeM, CXOMHBIX MOpof, YeM OT 
ypTuto-cvenutos TopsueropcKoro MHTpysuBa, TIPOpbIBaIOWH4X B BepXHUX TOPU- 
30HTAaXx oppy3uBHbIe OOpas0BaHHuA. Tlo-BuyqMMOMYy, OCHOBHOM MpH4MHOU pasHo- 
oOOpasva HeteMHOBLIX MOpok ABIACTCA HeKOTOpad MX pasHOBOSpacTHOCTh, 
OTIeMNeHHe WeOUHbIX PACIIaBOB Ha PasJIMYHBIX CTANHAX riyOuHHon 2udde- 
peHIiMaluu MarMbl. 
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JTiucdpepenunainaA Oa3abTOHHOH MarMbl, pubesuiaa K OOpa3z0BaHu1o 
WIeJIOUHDIX paciaBOB, B KaKOH-TO CTemeHH CTHMYJIMpOBasacb ryOHHHBIM 
TIOrOMeHHeM MAarMOH KapOoOHaTHBIX NOpok, MpesnouaraTb KoTopoe B Oollb- 
IIMX MacliTaOax, O1HAKO, HeT JOCTATOUHBIX OCHOBAaHHH. 

SHauNTeIbHOe BIHAHHeE Ha xO AuddepenwualluH OCHOBHOM MarMbI U Ha 
BeCb IIpOlecC CTAHOBJICHHA IeJIOUHLIX HHTPy3HH, HECOMHEHHO, OKa3aJIH OCco- 
6eHHOCTH TEKTOHHYeECKOH OOcTaHOBKH. TeKTOHMYeCKaA AKTHBHOCTb, BepOsATHO, 
HMeJIa MeCTO JIMIb Ha 3aKJIIOUMTEJIbHBIX 9TANaX MarMaTHYeCKOH Auddbepenina- 
iu. DOPMHPOBaHHe Ke CTOIb OMHOPOMHEIX NO COCTaBY, PacMaBOB, KaK ypTH- 
TOBbIM, aBLIMH Hayao NopoaM, npHOMxKaIOulMMCA K AHXHMOHOMMHepaJIbHbIM 
oOpas0BaHHAM, CKopee BCero, COBepliaslocb B TeyeHHe 3HAUHTeEIbHOTO Mpome- - 
%KYTKA BPeMeHH, Ha OoJIbIIOH TyOMHe M B CPaBHHTeJIbHO CTaAOMJIbHOM TeKTOHH- | 
yecKOH OOcTaHOBKe. 

TeppHTopHaJibHad HM BO3paCTHaA ONM30CTb, CXOACTBO MHHepasbHOFO UM XH- 
MHYeCKOFO COCTABOB H HeKOTOPEIX Apyrux ocoOeHHOCcTeli HecpeIMHOBLIX MOpon 
HCCJIEMOBAHHLIX HHTPY3HBOB MO3BOJIA€T CUHTATb 9TH NOPOAb KOMarMaTHYeCKH- 
MH H BBIJeUTb JaHHbIit palioH B KayeCTBe YaCTH JEBOHCKOM WeOUHOM MeTpo- 


rpaduyeckoh npoBuHuun Ky3Heukoro Amatay. 


XapbKoBCKHH TocyapCTBeHHbIii yHHBepcuTer Tloctynuao 
um. A, M. Toppkoro 26 VI 1960 


HWMTHMPOBAHHAA JIMTEPATYPA 


1M. K. Baxeuos, Bonp.reom. Cu6upu,1,1945. ? P. H. UBamxKkuna, Bectu. 
Sam. CuO. 1 Hopocn6upex. reom. ymp., Ne 4 (1959). ®M. TI. Koptycos, Bonpo- 
Cbl MarMa7TH3Ma M MeTaJiorenuH CCCP, 1958. * A.M. Ii pycesuu, Becru. 3an.-Cu6. 
reol. ymp., Ne 2, 56 (1957). ®& A.H. Uypaxos, Kysxnenkuit Anaray, Ucropusa ero 
TeoJIOrHyeCcKOrO PasBHTHA HW ero reoXHMMyecKHe sm0xH, 1932. 
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Jloxaagn Axagemnu nayx CCCP 
1961. Tom 136, Ne 5 


TEOXHMHA 


K. K. BOTHHIEB u A. H. MEDEPAKOBA 


XHMMUECKHM COCTAB JIbJA O3EPA BANKAI 
(IIpedcmaeaexo axademuxom JI. B. Haauexuneim 18 VI 1960) 


XuMHUeCKHM CocTaB JIeMOBOH dasbl O3ePHbIX BOJOCMOB H3yteH elle CO- 
BepINeHHO HesocTaTOUHO. Jina o3ep Bocrowno Cu6upu mofoOuble JanHble B JIMTe- 
paType BooOule OTCYTCTBYIOT. Mexyy Tem, BulMAHHe JefoOBoro NoKpoBa Ha THIL- 
POXMMMYeCKHH pex%KUM O3€P MO2KET 6bITb BeCbMa CYINeCTBeHHBIM. JlocTaTOuHO 
HANOMHUT, YTO TOMUMHA Mba Ha osepax BocTounou Cu6upu K KOHILy 3HMbI 
jocturaet 1—1,5 M, uHorga 2 M, 4TO TIpH UX ode raryOuHe 3—7 M cocTaBAAeT 
10 30—70% o6pema BomHEIX Macc o3epa. Tak Kak Ooubilaa 4acTb cole mpH 
CHOKOHHOM 3aMep3aHHH BOJOeMOB OCTAeTCA B *KUAKOH chase, TO B pesybTATe 
TaKOrO BEIMOPaKUBAaHHA MpOMCXOANT 3HAYNTeEJIbHOe NOBBIINEHHC MMHep aJiu3a- 


» IA o3epHoH BOJIbI, HaHOoulee pesko NpOABJIAIOMLeeCA B MOWJIEHOM CJIOe B IIe- 


po HapacTaHusa TOMMMABI bla. nA 6eCCTOUHBIX MCJIKOBOJHBIX O3€P C HEBBI- 
COKOli MHHepanusalluei BOLI POCT MocJeqHeH B NOMNeLHbI MepHoOd, HaxoquTCA 
B IIPAMOM 3ABHCHMOCTH OT TOVJIMIMHBI Jb. 

Becpma uHTepecHo Oplslo H3Y4HTb XHMMYeCKHH COCTAaB JeqoBok (pasbl 
o3. Balika. 

Balikapckat sumnonorvueckaa cranuna AH CCCP s3anumaacb B CBoe 
BpeMs ero UiccIefoBaHveM (°). OHAKO MaTepHasbI STH HE Obl OnyOJHKOBAaHEI 
MB jlasbHeliliem OKa3aIuCb yTepAHHEIMH. SuMou 1959 r. MbI pelIMIH BHOBb 
TIpOBecTH PAN aHasM3oB 6aiikambceKoro baa. UccnenoBanuio OplM moyBepr- 
HYTEI MOHOJITH JIba, OTOOpanuble B patoHe Moc. JIucTBeHHUHOrO, Ha paspese 
6yxta Tlecuanaa — mpotoka p. Cenenru Xapay3 u u3 3anuBa Iposan. Vccae- 
MoBasIcA TakxKe MOJIOLOH KPHCTaJIbHO-MpospayHbIn Je], oTOOpaHHbI B paloue 
‘TlcTBeEHW4HOrO B MOMeHT JlegocTaBa Ha osepe, Je U3 MpHOpexHbIX TOPOCOB, 
B3ATHI B TOM %Ke palione, H seq OeperoBbixX HalleckOB («coKyeB») H3 paloHa 
Xapaysa. 

Viccnegqosanve MOHOJIMTOB JIbha, MOyyaeMbIX MYTeM BbINMIMBAHUA HS JC- 
JlOBOli TOBEPXHOCTH O3epa, BeJOCb MOCIOMHO, OOLINHO C TOLpasyevleHHeM Ha TPH 
cnoa (BepxHHii, cpetHMii uw HMxKHMM). Tak Kak TOmUIMHA Jbla 3umou 1959 r. 
ua Batikane KoneOanacb B mpefenax 40—63 cM, TO KaxKIbIM CoH MOHOJIMTA 
cocTaBilas| OKoN0 15—20 cm. B paiione noc. JIucTBeHu4HOrO oTOop mpo6 wba 
OOAZATEMBHO COMPOBORLAJICA BIATHEM MPOO BOLbI U3 MOANeAHOTO COA H c ruly- 
Ounpt 5 M. IIpo6nt BosbI H3 NoAseqHoroO COA OTOMpaJuch C MOMOLIbIO cucoua, 
BBOMMMOTO BO H30exKAHHE BO3MOXHOTO TepeMeLIMBAaHMA, YePes IpocBepJIeH- 
HbIe JIGMOBLIM OypoM OTBepcTHA. 

OroOpanHble MpoObl Mba Noce UX TAHA XPaHWJIMCb B [UMpOKOFOpJIbIX 
CKNAHKAX VeHCKOTO cTeKsa C IpHTepTbIMH MpoOKaMy, IpefBapuTe/IbHO THA 
TeJIbHO BBINeIOUCHHEIX BOO. 

Mertomuka aHasu30B Oplla ooilenpuHATOH. CrezyeT JIMUIb OTMeCTHTb, “TO 
A ONpepeseHuA CyMbPaToB H XJOPUAOB WpoBOMMTOCh mpesBaputesbHoe yila- 
pupanue Bogn (0,5—1,0 1 fo 100 mm). Hecmotps wa 9T0, OnarogapA O4CHb 
HY3KOMY COjlep2KaHMIO YKaSAHHBIX KOMITOHEHTOB BO JIbAY, TOJIyueHHble PesyJIb- 
TATbI He MOTyT MpeTeHOBaTb Ha OOVIbIyIO TOUHOCTD. 
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Pe3yJIbTaTb NPOBeJeHHEIX HCCeqoBaHHl (Tat. 1) noATBepauAM BEICKasaH- 

Hoe panee (', °) MHeHHe O KpaliHe HusKOl OOmell Munepanusauun Gaiikanb- 

-cKoro Jibga. B cpeqHeM KpHCTaIbHO-npospauHB men Baiikana cofepxuT rug- 
pokapOouaTos 4,55, cypdatos 0,53, xmopunos 0,18, Kkanpuna 0,26, maruna 
0,09, Hatpua uw kasnua 1,73 mr/a. Tak xe HH3KO B HeM H CosepxKaHue CoesnHe- 
HHH OWOreHHBIX 93JIEMeHTOB. 

CpaBHuBaa cojlepxKaHHe yKa3aHHbIX KOMMOHEHTOB BO JIb/ly C HX cosepxKa- 
HHeEM B MOBEPXHOCTHOM CJloe BOJbI O3epa B 3HMHHMM MepHog, JerKO BUJeTb, YTO 
KOSPPUIUMEHTHLI PacipeyseseHHuA OTJEJbHbIX KOMIOHEHTOB MexKJLy TBepsoli u 
*KHIKOM (asaMu CHJIbHO pasHaTca. Tak, B JefoBoli tba3e ocTaeTCA BCero OKONO 
1—1,5% kanbuua u MarHua, Jo 6% ruzpoKap6ouatos, mo 10% cyanbatos, 

_ HATPaTHOTO a30Ta u docdaTHoro cdocdopa u mo 25—30 % xnOpHAOB HM MLeOUHbIX 
MeTaIoB. Uto KacaeTcA OpraHHueckOro BelllecTBa, TO eFo COsepxKaHue BO JIbLY 
Balikasla OKa3bIBaeTCH OTHOCHTeJIbHO OoJlee BbICOKMM. B cpemHeM OKHCJIse- 

- MOCTb JIeQOBOH BOLI JocTuraeT 0,57 mr KucNOpona Ha | a, 4TO cocTaBAAeT TO 

50% oT BeHYHH OKHCIAeMOCTH OaiiKambCKOH BOJbI B NOMMeLHH mepuon. 

BeptTukasIbHoe pactipeyeseHHe KOMIMOHeEHTOB BO JIba~y Balikana OoJibiler 

' yacTbio romMoreHHo. HekoTopoe NoBbiIleHHe MHHepaHsallMu HaOmOaeTcA MHOr- 

| a TOKO B BEPXHeM CJIO€ MOHOJIMTOB, YTO CBA3AHO C 3aXBaTOM JIbOM Cove US 
 BObI B MOMeHT JIegocTaBa. TloBbiieHHad MuHepasMsaluaA BepxHero 30-caHTH- 

_ MeTPOBOrO CJION ba, oOTOOpanHoro mpoTuB noc. JlucTBenHynHoro 10 II 1959 r., 

CBA3aHa CO CTpoeHHeM UccyIe~yeMoro JieAAHOTO MOJIA: B MOMeHT JleqocTaBa, 

Tipollefitero 3fecb B BeTPeHHYy10O MOFOLy, NOs BepXHiOI0 JIelAHYyIO KOpKy Obl 

HaOUTHI JIBAMHbI (TaK Ha3bIBAeMble «MOACOBb» (*)), KOTOpble pH CMep3aHHH 3a- 

XBaTHJIM YaCTHYHO OKPyKalollyio UX BOs. 

VintepecHo OTMeTHTb, 4TO Jel Ha paspe3se OyxTa IlecuanHaa — nmpoToKa 
Xapay3 oTsMu4aeTca OT Mba U3 paliona noc. JIucTBeHuyHOrO OosIee BbICOKHM 
coflep*KaHveM HUTPaTHOTO a30Ta HM MOBbIeHHOM OKHCJIsemocTbIO. BepoxTuo, 
3leCb CKa3bIBaeTCA BIHAHMe p. CesleHru, OOorallarouleh OalikaJIbCKHe BOJbI 3H- 
MOH YyKa3aHHbIMH KOMMOHEHTAaMH. 

XHMHYeCKHH COCTaB bla mpHOpexKHbIX HalllecKOB («COKyeB») Ppe3KO OTJH- 
yaeTCA OT COCTABa KPHCTAJIbHO-IIpO3payHOrO JIbfa O3epa. ITO CBASAHO C yCuIO- 
BHAMM OOpa30BaHHA HallJIecKOB: MpH HaMep3aHHH MX PaCTBOPeHHble B BOE 
COM yCleBaloT MepeHTH B *KUAKyIO (Pa3sy JIMUIb WaCTHUHO. 

VisoxKenHble BbIIe MaTepHaJIbI MOKa3bIBalOT, 4TO OalikaJIbcKHH Jleq jeli- 
CTBHTEJIbHO OYCHb MaJIO MMHepaH30BaH, MpHOMKaAch MO CBOeMy XHMHUe- 
_ CKOMY COcTaBy K COCTaBy aTMOC(bepHbIX OCaKOB, BbIMAaLalollux Ha TeppHTOPUH 

TIpu6atkanba (*). 

BosHukaeT BOMpoc O BIMAHHM Mpollecca eqooOpasoBanua Ha Dalixase Ha 
XHMMHYeCKHH COCTaB MOAeLHOH BOE. 

Vicxoia u3 BemuuHH cpeqHero xuMMYeCKOrO cocTaBa Box Baiikavia (*) 4 mpu- 
HHUM@aA MAKCHMAJIbHY}0 TOJIILMHY JIbfa Ha o3epe paBHOH B cpeytHem 80 cM, He- 


Taobanna 2 


Xumuyecku cocraB MomeqHoro cod BOMB 03. Bafikan B 1959 r. NpoTuB 
toc. Jiucrsenuuuoro, 200 m or 6epera (B MHJWINrpaMMax Ha JIMTP) 


40 If 1959 r. 20) TT, 1959) 3. 40 IT 1959 r. 20 Il 1959 r. 
TlokasatTesb a 3 TlokasaTevb Mien Gas a ‘ = 
ES i = ies = S 
Le elec ee Silces) | Smt we 
ea eS. mane aS, ROR ELD Rasa oP 
(oe) os oo og oo Oo oo ong 
Ra a i=) on Ba he ana on 
pH = SS 723010740 SOF 


0,74 | .0,93. | 0,93 | Cl- 


Kpemauit 4 
72| 0,072} 0,072} 0,068)| Ca?* 
13 
0 


0,7 
A30T HuTpaTHblit at 0011! 0.043) 02013)| Mg2+ 
Doc ciatunii | 0, ’ : ‘ 
bop doch 4°00 | 0,96 | 0,84 | 0,84 || Nat + Kt 
0,8 


69-5 |69,5 |69,5 


= 

Co1W Oo OD 

ONODo& 
= 


OxucaisemoctTb 
a HCO3- 7 


‘TPYAHO NOACUUTATH, 4TO B Mpotecce NefooOpasoBaHuA B MOMMeLHbI CAO BOLbI 


o3epa noctynaeT c 1 M*ero nopepxHocTu oKoulo 71 Tr HOHOB: HCO; 495 1S08 
SBVCl ORs CatteOm Mott i244 WN ave eth 2a 

Cpasy nocme JleqocTaBa HapacTaHve TOJIMMHE Jbqa Ha Balikane jet c 
JIOBObHO G6ONbUIOH CKOpocTbIO — fo 5—7 cM B CyTKH. CilefoBaTesIbHO, B Te- 
yeHHe CYTOK B 9TOT NepHok B NosMeqHEI cio Bob SyqeT nocTymaTb c | mM? 
TloBepxHOcTH o3epa Jo 4,5—6,3 r HoHOB. Cro/b 3amMeTHOe OOorallleHve Nossey- 
HOFO CJIOA BOA O3ePa COJAMH JOJMKHO ObIO Obl CKasaTbCA M Ha erO XHMHUe- 
KOM cocTaBe. OjHakO cpaBHeHwe XMMHYeCKOrO cocTaBa MofMeqHOK BOsbI 
C cocTaBOM BOIL HWKeNexKalux cloeB (Ta6l. 2) NoKa3a0, YTO HEKOTOpHIH, 
OU€Hb HeEOO/IbINOH, POCT MMHepaHsallHH 3aMeTeH JIMIIb B HavaIbHbIM NepHoy 
Tlocue sleqocraBa. B jabueliiem STH pa3sIMuHA CrvlaxKuBaloTCA. DakT STOT: 
yKasblBaeT Ha JOCTaTOUHO HHTCHCHBHBIM BOMOOOMeH Mo KpaltHelt Mepe B BepX- 
HHX COAX BON! Battkana B 3MMHHH MOAeAHEIM NepHog. 


BalikaibcKkand JIMMHOJIorHueCcKad CTaHIHA Tloctymuio - 
Boctouno-Cu6upeKkoro udiuana 15 VI 1960 
Cu6upcKoro oTwemenun AKanemuu Hayk CCCP 


I[MTHPOBAHHAM JIMTEPATYPA 


1K. K. Botuunes, Tuypoxumusa o3sepa Baiixan, Jucceprauua, Upxytcx, 1953, 
2K. K. Botuunes, Ilpupoga, Ne 8 (1949). 3K. K. Botuunes, JAH, 95, No 5 
(1954)... 4K. K. Botuunumes, Mss. Cu6. orga. AH CCCP, No 2 (1958). © B. M. Top- 
THKOB, San. Toc. rugpon. uuct., 15, 1936. °T. 10. Bepemarun, Tp. Batkanpck, 
-JIMMHOJ. CTaHwHu, 9, 1939. 
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Jioxnnann Akagemun nayx CCCP 
1961. Tom 136, Ne 5 


TEOXHMHA 


E. C. THXOMHPOBA 


K TEOXHMHM CJIAHILEHOCHbIX OTJIOKKEHHM 
MPMBAJITHACKOrO BACCEMHA 


(ITpeucmaeaeno axademuxom H. M. Cmpaxosoim 11 VII 1960) 


Kyxepcutospie caniup [Ipu6anrulickoro OacceliHa OTMUaIOTCA OT TCHCTH- 
yeCKM CXOMHBIX C HUM HYxKHEBOJDKCKHUX CMAHWeHOCHBIX NOpok TlopovikKbA 
OBBIMeHHOM KapOoHaTHOCTHIO, Gobel OOoralileHHOCTbIO OpraHHyeCKHM Be- 
UleCTBOM H HeKOTOPbIM CHWKeHHeM KOJIM¥eCTBA TeppHreHHoro MaTepHata 
(puc. 1). Panee ycTaHoBse- 


Ho (°), YTO B HH?KHEBOJDK- Ce baie beus, 


CKHX CaHILaXx He HaOmojaer- 
ca KOHUeHTpannu Fe, Mn u 
«MA@JIbIX» QJIEMCHTOB 3a HC- 
KHoueHHem P u Cu, Kouue- 
CTBO KOTOPLIX. HeCKOJIbKO 
yBeIM¥eHO B Hopofax Cc Mo- 
BBIIMCHHbIM COsepxKaHveM 
opraHuyecKkoro —_— BelleCTBA. 
KykepcuToppie CJlaHUbl B 
3TOMOTHOIICHHH He H3y4eHbt, 
XOTA BbIACHeHHe BJIMAHHA 10 
yKa3aHHbIX Bblle OTJMUHH 
cocTaBa Ha KOHWeHTpallulo Ui 
XapakTep pasMellleHHA B HUX 
Ppa3IMUHBIX 9JIEMeHTOB Tipeyi- 
cTaBIAeT 3HAUHTeIbHbIM HH- 
Tepec. 

Astopom Opin oToOpa- 
Hbl HM HW3y4eHbI oOpasithl 
KYKePCHTOBbIX Mopol 10 
waxtam Axtme u Kusubwin T[puOantuiicxoro Oaccelina*. B stax oOpasilax 
TIpOHSBef\eHO OMpeseeHue UX COCTaBa XHMMYeCKHM IlyTeM (na6opaTopua mon 
PpyKOBOfcTBoM 3. C, SaJIMaH30H) W_ CIeKTPOCKOMMYECKH. Bcero Oblio BbIMOJI- 
HeHo 280 anau30B Ha cofepxanue Fe, Mn, P, COs, Copr HW «MaJIbIX» 9JIEMCHTOB. 

Kyxepcutosple otsoxenua [Ipudanruiickoro OaccetHa OTHOCATCA M10 BO3- 
pacty K KyKpy3ecKoMy TOpH30HTy cpe@Hero OpAOBUKa. CormacHo JuTepaTyp- 
HHIM Janu (1, 2), OHH ABIAIOTCA OTJOXEHHAMH HOPMAJIbHOO MOPCKOTO Oac- 
celiHa, pacroaraBiierocsa WIMpOTHO BUOb lORKHOK OKPaHHbl BasiTulickoro 
wwuta. B WeHTpaIBHBIX YaCTAX MOPA HAaKaMMBaIMCb USBeCTHAKM HM MepreviH, 
B Hepudepuseckux — MpeHMyllecTBeHHO MepreJn. Cyan! pacmpocrpaHeHbl 
B CeBEPHOM MOMOBHHE CpeAHEOPAOBUKCKOTO Mops. OHH nepeculavBaroTcA C H3- 
BeCTHAKAMU, OTIMUAACh OT MocAeqHUX OouIbIIMM CofepxKaHHNeM OPraHHyeCcKOrO 
BellecTBa HU OOMOMOUHOTO MaTepHasa (cM. puc. 1). YBemnuenne KapOoHaTHOCTH 
Mi YMeHbIleHHe TeppHreHHOM waCcTH B CwlaHIaXx HaOoaeTCH B 3allay[HOM Ha- 
mpasnenun (*). UspecTHaku, 43 KOTOPBIX HanOoslee BLILepsKaHHBIMH B paapese 
sBastioTcea wpa muacra: A’/B (16 cm), 1pHypoueHHbIi K HwKHeH, u C/D (20 cm), 
K cpefHeli yacTaM paspesa,— BeCbMa MCJIKOBOJHBIC oOpasoBaHuA, Ha YTO yKa- 
3hIBAlOT MHOFOUNCIeHHbIe MOBeEPXHOCTH Pa3MbIBOB HM B3MYYMBAHHA BHYTPH IJla- 
eTOB, a TakxKe HaIMune BOLopocsel Girvanella. 


700 Teppuzer. 


2 mamepuon 


Calls‘ ap 80 70 60 50 40 30 20 10 


Puc. 1. CooTHomeHie OCHOBHBIX Car alouluX KOMIIOHEH- 
TOB B OTMOKeHUAX KyKpy3eckoro ropu30uta [IpuOaa- 


& s Vi; 
Tufickoro 6accefina wu cnannax J3‘ TlopomKpa.] — cma- 
HIbI KyKpy3eckoro ropuszouta, 2—H3EeCTHAKM KyKPy- 


Vif 
3eCKOrO TOpH30HTa, 3 — CJIAHILbI Jy 


* ApTop Moub3yeTCA ClyuaeM BbIPasHTb CBOIO rary6oky!0 6larofapuocth C. C. BayKkosy 
3a GoJIBLIyIO MOMOLIb B padorTe. 


14 TAH, rv. 136, Ne 5 1209 


Ta6Oauna 1 


Pacnipeyeenue SvIeMeHTOB MO THNaM Nopox B OTAO*KeHuAX KyKPys€cKoro TOpHsoHTa cpex- 
Hero opyosuka [Ipu6anruiickoro 6accefina mM HHXKHeETO BOmKCKOFO apyca BepxHeH 1ophi 
IlopomKba 


OTsO7KeHHA HHKHerO BOJUKCKOPO Apyca 


Kykpyseckue oTmoxenua Bepxneli 10pbi 


OneMeHT 
"Gnceneres sanectnosne HSBeCTHAKM sneronitne Penecruanaa Meprewi 
eee eee 
2 1,56 1, 2,79 2,09 2,26 
Keneso 1.56 (1) a4 (1,5) 34 (5,3) 3,35 (4) 3.96 (0,98) 10,21 (3.08) 
Mapranen sae (1) aor (1,3) oo (46,1) or (1) a (2,5) TEs (16.9) 
Dochop ioe) Ta (168) a (2,8) Tae (1) a (1,6) a Ta (0,9). 
Banaguti oor (t) rome (1) soe (0,96) wane (1) sores (0,9) Scaors (1.0) 
Xpom ae t) sam (0,9) a (1,8) a (1) ati (4,3) saree (19) 
Huxenb Pe (1) Some (0,9) TT (0,3) sore (1) sors (1) sot (1,06) 
Ko6annt aon (t) apts (0575) aa (5,3) en (4) aa (6) a (8,4) 
Meyb Her Creppt Her “e (1) eae (0,91) re (0,37) 


lpumeyanue, Haz yepToH — coffe 
uepToH — TO ke B mepecuete 


Paccmatpupaa pacnpenenenHe Fega, HO THIAaM mopoy, 
AOBATeJIbHOCTh KOTOPbIX B OOULHX ue 
HaKOIJICHHA OT MeJIKOBOJHBIX K 60U1 
BO, TO CpefHee cofepxaHHe STOO 9NeCMeHTa B H3B 
HSBeCTHAKAX OJHHAKOBO H JIMUIb He3HAaYHTeNDHO 
Pa3HOCTAX CaHUeB. Oro O6cTOATeNbCTBO CBU 
HHYECKOe BelLeCTBO He cnocoOcTByer KOHIeH 
HEKOTOPOH CTeneHH Kak pa36aBuTenb. Tocze 
OOpaTHOH 3aBHcHMOcTH MexIy Ferg HC 


bane oTeMeCHTOb B MpOWeHTaxX Ma HaTYPasbHYyIO Mopory, 


Ha OecKap6oHaTHOe BellecTBO, B CKO6OKax — OTHOCHTEJIbHOe CO7epxKaHue. 


opr (puc. 2a), 


(ra6a. 1), mnocae- 
PTaX OTpaxKaeT CMeHY ycOBHH ocalKo- 
ee TyOOKOBOJHBIM, MOXKHO cylenaTb BBI- 
€CTKOBHCTHIX CaHiax uv 
TOBbILeHO B H3BECTKOBBbIX 
ACTEMbCTBYeT O TOM, YTO opra- 
TpauHH Fegan, a WeHcTByeT jo 
Hee NOATBepxaeTcA HanHuHem 
OMHaKO 3Ta CBHA3b 


not 


IMCeT KaveCTBeHHbIi xapaktep. IIpn mepecuete na 6eckapOouaTHoe BellecTBO 
(ra6n. 1) cojlepxaHue Fe,ay BospacTaeT HM B ClaHaX, H, OCOOeHHO, B 
HSBECTHAKAX, YTO CBUJETeMbCTBYeT O TeHJeHILHH K BbIHOCY 3STOrO 3JIeMeHTAa B 
HEHTpaJbHble wacTH Bofoema. Jlna ytounenus XapakTepa pacnpejlenenusi 
Fesan MEKLY MpHOpexHbiIMH u Nenarmyeckumn (ballMaMu OBO BEIYNCeEHO 
OTHOCHTEJIbHOe ero cOepxaHHe, IpHyuem 3a CMHHALY pHHHMasocb KonNueCc- 
TBO CPO B HSBECTKOBHCTEIX cylaHax. Kak cnenyer u3 Tan. 1, *ene30 Hakan- 
JUBACTCA B WeHTpasIbHbIX YaCTAX BOMOeMa B 5,3 pasa Oo/bIle, 4eM B mpH- 
OpexKHBIX. 

Pacnpegesenue P no Tunam MOpO NOYTH TOKMeCTBEHHO pasmemleHuIo Fe 
(cm. Ta6u. 1). AnanoruauHo nocweqHeMy, KoJIM4eCTBO P B M3BeCTKOBHCTEIX CaH- 
Max H H3BeCTHAKAX OLMHAKOBO. CreqoBaTenbHO, GuoreHHoe nocTymlenue cboc- 
fopa B ocaqoK He umeno CyHMeCTBCHHOrO 3Ha¥eHHA. STOT BHIBOL MOLTBEpxk- 
AAaeTCsA HaJMuneM OOpaTHOH 3aBNcumocTH P c Copp H npsmoli —c TeppureH- 
HBIM MaTepuaviom (cM. puc. 2 6, ¢). TIpu mlepecuete Ha OeckapOonaTHoe BellleCTBO 
KONMYeCTBO docopa BO Bcex noposax BospactaeT. AHasIH3 OTHOCHTebHOrFO 
Conep2KaHUst, BbIYMCJICHHOTO Tak %Ke, KaK Js Fegan, MOKa3bIBaeT, uTo P ya- 
KallIMBasICA B CHTPaNbHOH YacTH Mopa B 2,8 pasa Ooubule, Yem B NpUuOpexkHOii. 

Pacnpenenenue Mn, B ormmuaue or Fe 1 P, xapaktepusyetcs HeMIPepbIBHbIM 
YBeIMYCHHeM AaOCOJIOTHBIX 3HaYeHHIi mo Mepe pocta cofepxaHHaA KapOonat- 
HOrO MaTepuaua (cm. Ta6a. 1). Konuuectzo ero B H3BeCTHAKAX OoJIbIIe, YeEM B 
CMaHlax. OTO cBHJeTeIbCTBYyeT 0 TOM, 4TO OvoreHHEIi cbakTop He BAKA 
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cyulecTBeHHO Ha ero HakolwieHHe. Kak BuaHO u3 Tabm. 1, Mn oOnanan 
HavOosbieh TeHJeHIMel K BbIHOCy B Nesaruyeckue vacTH Boxoema (16,1). 

B pacmpejejeHHu «MaJIbIX» 9JIeMeHTOB (cM. Ta6s. 1), Kpome Cu, Kko- 
TOpaad MpHcyTCTByeT B 


€JMHHYHBIX OOpasilax, u op iF of, f 
TOMbKO B BUe CieNOB, 201 x 020 
HaOMOfaeTCA OTUETIMBO 7g ae * 
BEIPAKHHAA TEHCHUMA K |X pete 
YMeHbINeHHIO = coylepxKa- Sia laxe 
HHA TO Mepe pocta Kap- “MH, Ql4y* 
OoHaTHOrO MaTepHala. 72 grapes 
Koauyectso V, Cr, Ni! 4 to bata 

Co B cmaHilax (moceqHe- @ |x a ° 


008 
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TOTOJIbKO B u3BecTKOBUc- 8 
TbIX Pa3HOCTAX) MOBBILLIe- 6 
HO M10 CpaBHeHMIO C H3Be- —, 
CTHAKaMH. OTO MOTJIO 

ObITh CBA3AHO MMC Mpe- 2 
o6ayaHvem poJIM opra- 
HWYeCKOrO BelLeCTBA B 
KOHUEHTPalHn STHX duIe- 


MCHTOB, HWJIH C MNOCTYM- Pye. 2. Coornomenua amemeHToB: a— Fe,,,¢ Coon nu 6— 
JIQGHHCEM UX, MpeMMyllle- Pe coor (B Mepecuete Ha O6eckapCoHaTHOe BeLeCTBO), 
CTBEHHO BMecTe C 06- ¢—Pc teppurennpim maTepuasom. J —caaHnpl, 2— H3- 
JIOMOUHBIM MaTepvaJIOM, BeCTHAKH 


IipH 9TOM Hao yuecTh, 
4TO CIAHUbI COepKaT ero B OoubWIeM KONMUeCTBe, YEM H3BeECTHAKH. Haau- 
une OOpaTHOH KOppeATHBHOH 3aBucuMocTH y V, Cr Hu Co c Copp uw mpa- 
MOH —C TeppHreHHOH uacTbIO (JIA MpuMepa MNPHBOAMTCA COOTHOIMNeHHE 
V u Cr c 3THMM KOMNO- 
% a x 6 F HeHTaMH — puce. 3a, 6) 
100+ ~ CBHJ[eTeJIbCTBYeT ‘O TOM, 


90 4YTO BTOPOH NYTb nocTyn- 
JI@HUA ICMEHTOB B OCcal- 

80 Kax mpeoOsanan. CBa3b 
70 Ni c o6s0MOuHEIM MaTe- 
60 puasoM BbIparKeHa HeueT- 
hay KO, M10-BHAMMoMy, BCJel- 
3 cTBHe ero 9HeprHyHo- 
40 ro MepepacnpeyeneHua B 
30 . ocajyke, TaK Kak cojlepxKa- 
Hue ITOFO 9JIEMeHTA MCHbI- 

= _*  ° -‘THIBaeT GoubuIMe KoseGa- 
10 er tae, HHA — BO MHOrHx oOpas- 

ph i ° 


oo a pienrs lax OH BoOOoOlIe OTCYTCT- 
0 1 20 30 40%0 10 20 30.40%0 10 20 30 40% ByeT HJIM BCTpeuaeTca B 


Teppuzey, mamepuan—> Co Teppuzen, mamepuan— Bue caeqos. Tle pecuer 


Ope 
Ha OecKapOoHaTHoe Beule- 
Pue. 3. Coornouenua anemeHToB: a—V c TeppHreHHEIM CTBO MOKA3bIBaeT, ITO CO- 
maTepwaiom, 6—Cr cC,., (B mepecueTe Ha 6eckapOo- jlepanue Co u Cr Bo3- 
HaTHOe BelllecTBO), ¢—Ni c TeppHreHHbIM MaTepHaJIOM™ pacTaeT B MW3BeCTHAKAX 
$ 


V — JlepxKuTCca NpH6su3H- 

TeJIbHO Ha OfHOM ypoBHe, a Ni — ymenbilaetca. Brruucamp ananoruuHo Fe, 

‘Mn u P ornocutTembHble CosepxXaHHA MaJIbIX SJIEMeHTOB, Tomyyaem (cM. 
'Ta6a. 1), To HanGoubuleH TeHJeHIMeH K BbIHOCYy B NesarMueckue 4acTH BONOeMa 
oTauyasica Co (5,3), cla6ee MurpupoBau Cr (1,8), V HakanmmBasica B npuOpex- 

HBbIX H MeslaruueckHX 4YaCTAX BOLOeMA IIPHMepHO OMHAKOBO. HaumMenbulei TeH- 

yeHuueli K BbIHOcy xapakTepH3oBasca Ni (0,3). Cu nourm He MurpupoBana. 
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CpaBHMB KYKepCHTOBbIe NOpO{bl C HMXHEBOJOKCKMMM OTJIOXKeHHAMA (cM. 
ra6m. 1), BHQMM, 4TO COMM xapakTep pa3sMeUleHHA 93/eMeHTOB No THMaM 
Mopok CxoyeH, HO MMeIOTCH TakxKe HM HEKOTOPHIe OTMUMA. 

Cojlep»kaHue BCeX H3yYYeHHbIX 9IeMeHTOB, Hu ocoGeHHO P, V, Ni u Cu, B Ky- 
KEPCHTOBLIX NOposax 3HAUMTebHO MOHMKEHO MO CpaBHeEHHIO C HYKHEBOMK- 
CKMMH, B KOTOPbIX OHH HAXOAATCH Ha ypOBHe KsapKOBbIX 3HaveHu. B KyKep- 
CHTOBbIX CJIAHIaX, B OTJIMYNe OT HMKHEBOJUKCKUX, Pe CyllecTBeHHOe 3HayeHHe 
mp noctyneHuu P wu Cu umes Onorenublii bakTop, Takoro ABJIeHUA He HabsIO- 
naetca. Bce aileMeHTbl OOHapyxXUBaIoT GoJlee WIM MeHee ACHO BBIPaxKeHHy10 
psAMY!0 34BUCHMOCTb OT KOJIM¥eCTBa TeppHreHHOro MaTepHaa uM OOpaTHy1o —_ 
OT COfepxKaHHA Copp. CuleqoBaTebHO, OOmIee CHMAKEHHE COJepKAHHA JIeEMeHTOB 
B KYKePCUTOBbIX ClaHWaX NO CpaBHEHHI0 C HW2KHEBOJKCKMMM CBA3AHO C YMeHb- 
IeHHeM B TepBbIX TeppHreHHOM mpuMecu. 

B nepHo, HaKOIWJIeHHA KYKepCHTOBEIX OTJOwKeHUH Fe, P u Co murpupoBanu 
Oolee SHEPrHYHO, YeEM B HUKHEBOMKCKOe Bpema. Hao6opot, BErHoc V, Ni u 
Cu ObiJI MHTeHCHBHee B HMKHEBOIKCKHH Bek. Murpauna Mn u P Opina Ipu- 
OJIMSHTeJIbHO OMMHAKOBOM KaK B KYKPy3eCKoe BPeMA, TAK HM B HWKHeBOMKCKOe. 
PacNOJIOXKUB 3JIEMCHTbI B YObIBaIONeM NOpAAKe MO MHTeHCMBHOCTH UX BEIHOCA 
B Mepvol OOpasoBaHuA KYKePCHTOBLIX OTJOMKEeHUH, ToMyyaem cueLyIouMit pan: 
Mn, Co, Fe, P, Cr, V, Ni, Cu. Jlna toro uro6nt comocTaBuTb ero Cc POM BO 
BpeMaA OOpasoBanuA caHueBEIX nopog Js! Oxwio BHIMNCHeHO B NOC JIeHUX 
OTHOCHTCJIbHOe COepKaHHe SZJIEMCHTOB, MIPHYeM KOJIMYeCTBO KaxKTOFO H3 HUX | 
B M3BECTKOBHCTHIX CaHWaX ObIIO IPHHATO 3a equHULy. Kak caenyer u3 Taba 1, 
10 HHTCHCHBHOCTH CBUra B TeslarMueckue YacTH BOMOeMa 2JIeMeHTHI pactiosa- 
raroTca CulefytoulumM oOpasom: Mn, Co, Fe, Cr, V, Ni, Co. Bonpoc o mecte P 
B STOM psy CuleLyeT paccmMoTpeTb Coulee NoLpoOHo. OTHOCUTebHOe Coxep2xKaHHe 
ero B mopogax J3/ (cm. Ta6u. 1) cocrapaser Bcero 0,9, H Ha OCHOBaHuM 9TOTO 
10 HHTCHCHBHOCTH MHrpaluM OH NOJKeH Obl Obl HaXOMUTbCA Ha Npemnoc- 
JleqHemM Mecte, Mexy Ni u Cu. Onnako, Kak ObluIo yeTaHoBJeHO aBTopom (°), 
BbIHoc P B nepHo HakKOMWeHNA OTMOMKeHUI JX’ Obit Ooubue, YeM 06 3TOM MOxXK- 


HO CYJIMTb Ha OCHOBaHHH €FO OTHOCHTeJIBHbIX 3HaueHHH. YuntTpipan 39TO OOCTOA- 
TebCTBO H MO aHasIOrHH C MHIPallMOHHBIM PsOM, BbIABJICHHEIM B WesOM WA 
BPeMCHH HaKOIJICHUA CNaHIeHOCHEIX OTMOKeHUuH Jz’: Co, Mn, Fe, P (?), Cr, 
Ni, V, Cu (°) — 4 ormmuatomjumes oT TakoBoro 18 nmepHola o6pa30BaHua co6- 
CTBEHHO CIAHUEBLIX MOPO STOTO Ke BO3pPacTa, MPMBeeHHOFO BbIle, HeEOOMbUION 
M€PeCTaHOBKOH 9JIEMeHTOB, YCJIOBHO MOXKHO IIPHHATb, ATO tbocctbop BBIHOCHJICA 
cuJIbHee, 4emM Cr, HO MeHee, uem Fe. B taxom cayuae MHIpalHOHHbI pal Oyler 
cueqyroulumM: Mn, Co, Fe, P (?), Cr, V, Ni, Cu. CpaBHuB ePo C pAOM, BbIABJIEH- 
HBIM AJisi KYKEPCHTOBBIX OPO, BALHM, YTO OHM MOJIHOCTbIO COBMAasaIor. 
CxoJ[cTBO pALOB B OTJOXKeHUAX, OTMUHELX 110 BO3spacTy H MpocTpaHcTBen- 
HOMY PacilOJIOKEHHIO, CBUIETEIbCTBYeT, YTO OHH ABJIAIOTCA He cyuaiHbIMU, a 
PeHETHYCCKHMH H OOYCJIOBEHbI OM30CTbIO ycuOBUl CequMeHTOreHe3a. 
CorajacHo JanHbim H. M, Crpaxosa (4, °), wHTeHCHBHBII CBU NOBBILICHHBIX 
ColepxKaHHH 9JIeMeHTOB B CTOPOHy nemarMueckux (pallu CBYeTebCTByeT O 
BEIHOCe UX MPCMMYUleCTBEHHO B Bue pacTBopoB. CnejoBatembHo, Mn, Co, Fe, 
P w oruacru Cr murpuposanu riaBHbim o6pasoM B Buje pacrBoposB. OcTambHble 


IJIEMCHTH MePeMellauch NoOUTH MCKJIIOUHTeEJIbHO B copOupoBaHHoM Buyle Ha 
PIMHACTHIX YacTHIlax. 


Teosornueckuit HACTHTYT Tlocrynnato 
Akajemuu wayK CCCP 5 VI 1960 


IMTHPOBAHHAS JIMTEPATYPA 


1 Atjac AMToMoro-balHasnbHErx KapT PyccKoit nattbopmpr, 1956. 2C. C. Ba VR OBL ps 
Muct. reo. AH 3ctCCP, zs. 1 (1956). 3 C. C. Bay xos, Tp. Mucr. reon. AH re fepnCl@)2 523, 4 
(1958). 4H.M.Crpaxos u Ap., O6pasopanue ocayKoB B COBpeMeHHBIX BOAOeMAaX, 
His. AH CCCP 1G54: 5" i Ga paxos, 9.C.3aaman3ou, Tp. Mucrt. reou. 
wayk AH CCCP, B, 155 (1955). ®© E.C. Tuxomu poBa, JLAH, 131, Ne 3 (1960). : 
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Aoxrnxaner Akanqemun nayr CCCP 
1961. Tom 136, Ni 5 


iy os We Ge 


C. A. BOPATbIPEBA, M. ll. 3HAMEHCKAS, X. ®. KYUIHEP, H. f. MOMCEEBA 
Hv E. B. TOJIOKOHHHKOBA 


ONbIT BBENEHUA 4Y)KEPOHOU HK KYPAM 
(II pedcmaenreno axademuxom H. M. Cucaxanom I IX 1960) 


B Hallie cTpane HW 3a pyOexKoM B NocyleqHee BpeMA ObIIO MpOBeseHO MHOTO 
OMBITOB MO TNepeHBaHWIO KPOBHOT OHO MOPOAbl 2RUEOTHLIX ApyrokH nopose 
(rmaBHbiM oOpa3somM Ha mTuwax). B 9THx ombitax yOeuTeIbHO MOKa3aHO, UTO - 
CHCTeMaTHYeCKaA HHBEKIMA YyKePOMHOH KPOBH Ha NPOTH*KeHHM HECKOJIBKHX 
MeCAILEB MOXKET BHISLIBATh H3MCHEHUA MOP@oOJIOrMyecKHX MPH3HaKOB y MOTOM- 
CTBa PeIHIHeHTOB. 

OgHako BoTIpoc O TOM, KaKHe HMC€HHO KOMMOHEHTHI KPOBH OTBETCTBEHHBI 34 
NOMOGHbIe USMeCHEHHA MpPH3HAKOB B MOTOMCTBe PeMHMHeEHTOB, OCTaeTCH JO CHX 
NOp HeEBLIACHCHHLIM M TpeOyeT 9KCMEPHMeHTAJIbHOrO UCCeLOBaHHA. 

B 3TOM OTHOMeHHU 3aCIyKUBaeT BHUMAHHA padota X. M. Kymuepa c corp. 
(7), B KOTOpOH ObIIO HalijeHO, YTO BJIMBaHHe KypaM OJHOM TOJbKO a3Mbl Kpo- 
BH, JIMIMeHHOM tbOpMeHHBIX JJIeMeHTOB (a culemoBaTebHO Hu JLHK) « coctosien 
TaBHbIM OOpas0M U3 OeJIKOB, CNOCOOHO BbISbIBaTh TaKWe Ke USMeHEHHA Y MO- 
TOMCTBA PellHIMe€HTOB, KaK HM BBeJleHHe IleJIbHOM KPOBH. 

B To xe BpeMA, CXOMHbI€ pe3yJIbTATHI NOJyUaloTCA HW Mp BBeeHMH MTHIAaM 
UYXKEPOMHEIX M30MMPOBAHHbIX sep SPHTPOWUTOB KpoBHU. Take ONbITH HeaBHO 
Obl MpoBeseHbI Ha yTKax (°). I[pu HHbeKIMM H3OAMPOBAHHbIX ALep SPUTPo- 
WMTOB MYCKYCHBIX YTOK MOJIOZbIM YTATAM Me€KHHCKOM NOposbl ylalocb Nodly- 
YUHTb PAN, USMeHEHHM B MMIMeHTAMM pel{MNMeHTOB M y HX NOTOMCTBA. 

Ha mukpoopranusmax 3a mocuequue 15 eT pazom uccuezoBaTeser ObIJIH 
MOJIY4eHLI HEOCMOPHMbIe TOKasaTebCTBA BOSMOMKHOCTH BOSHUKHOBeMA y HX 
TuyOOKUX HalpaBJeHHbIX M3MeHeEHHM HaCJIeJCTBeHHbIX CBOMCTB NyTeM BBeje- 
HUA UM OfJHOK TOMbKO JIHK, BrifeneHHOu U3 Apyrux reHOTHINMYeCKHX IWTAMMOB. 
B cBA3H C STHM BOSHUKJIa HeEOOXOAMMOCTb BEIACHHTb, BOSMOXKHO JIM C NOMOLLBIO 
THK spisBaTb noso6uy1o xe TpaHcdopMallMiO HaCJieCTBeHHDIX IIPH3HAKOB H Y 
BBICIUMX OpraHH3MoB. AKTYasIbHOCTb pellieHuA STOTO BoMpoca elle Govlee BO3- 
pocia B CBA3H Cc omyOnuKoBaHHem B 1957 r. padoTbt JK. Benya, Il. Jlepya, 
K. u P. Bengzpesn (#), coo6mHBuix, YTO HM yAalocb NOJYANTb HallpaBJIeHHbIe 
V3M€HEHUA OKPaCKH ONepeHHA M HEKOTOPbIX Apyrux MoposorMyeckux NPH- 
3HAKOB (OCaHKH, BeCa H pa3MepoB Tela) y M€KHHCKHX YTOK MyTeM BBeeHHA UM 
TIHK, Bbisesenuoli u3 yTOK Mopogb xaku-K9MMOew.. 

Ilpenctapiasio WHTepec MOBTOPUTh OMbIT PpaHWy3sCKMX yYeHbIX Ha Kypax 
WM MOMbITATHCA BLIACHUTb, cnocoOHa mH JIHK, mosyyeHHaaA B YHCTOM BH, BBI- 
3bIBaTb Y KYP TpaHccbopMallHIo HaCJIeJICTBEHHbIX MPH3HAKOB. Takol onbiT Obi 
mpoBeyleH Hamu B nepHox 1958—1960 rr. 

[[penapatsi BbicokonommepHor JLHK Mb nostyyanu U3 SPHTPOILATOB KPOBH 
KYP MOPOAL HbIO-TeMNUIMp IyTeM NpeABapHTebHOFO BIPeNeHHA COJEBOM IKC- 
Tpakueli jesokcupuOonykKseonpotenna (*) c mocmelyloulen MeMpoTeHHUsa- 
une ero no Kap6u (°). Ipenapats: JIHK umeau caefyiulne Nokasaten: 
P 8,3—8,6%; N 13,12—14,75%; N/P = 1,60—1,72. Beananupl Ep) = 5600— 
6400 u Re = 0,50—0,58 xapaKTepu30BaIH MpelapaTbl Kak BbICOKONOJMMEp- 
Hple. JIHK ne usmenssia cBoero yIbTpapuoseTCeoro MOTOueHUA B 6 M pac- 
TBOpe MOYeBHHE! (20°). OToO NMOsBO/AO TYMaTb, YO TIHK coxpaussa cBor0 
WaTHBHOCTb. 
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IIpenaparst HK 8 Hayavie onbiTa BbICyUIMBaJIM CIMpTOM 4 SdupoM H xpa- 
HWJIM HX B BaKYYM-9KCHKaTope B Mapax xJiopodopmMa Ha xosony. Tloqo6nEm 
MeTOJOM XpaHeHHA NO/Ib3oBasHCcb 9K. Benya u K. Benyzpermm B cBonx onbitax 
tio TpaHcdopmaltun y yTox. Ilo3qHee mpl cram xpanuTb JIHK B teyenue | mec. 
B (PUusHOJOrMYeCKOM pacTBOpe B NPHCyTCTBHH aHTHCenTHKa Ha xomozy. THK 
NpHMeHsJIaCb HAMM B KOHIeHTpawun | mMr/MJ B pacTBope Tupoze. 

Bregenue JIHK B onsite 1958 r. Mpr ocymlecTBIAIH pasHbIMH crocobamu: 
B I cepuu onbiroB — B Be BHYTPHMBbILMeUHEIX HHBEKUMM WbIMATaM, Bo II 
cepuu — tlyTem BBegenua JLHK B OeoK uuKyOupyemoro alia, B III cepuu 
HK ucnoubs0Baiach B Bue pasOaBUTeJA CrepMBI pH HCKYCCTBeHHOM oce- 
MeHeHHH Kyp. 

PellunueHTaMu CAYXKHIM KypbI CuleqyoulHx Moponk: GewbIe TJIMMYTpOKH 4 
pycckne Semple BuBapua Muctutyta rederuku AH CCCP c nposepennoii pojo- 
CMOBHOH, pyccKue Oeble u3 coBxo3a «IITHuHoe» Mockosckoli o6n. Hu Gemble 
N€TTOPHbl, 3aBe3eHHble B Hallly ctpaHy u3 Amepuku. O reneTuyeckoit uncToTe 
NoceqHUX JByX Tpymm Kyp HaM HuYerO He OplIO H3BeCTHO. Y KOHTPOJIbHBIX 
M ONBITHBIX IbIIIAT (PeIHIIMeHTbI H HX MOTOMCTBO) ONMCbIBaH OKpacKy orle- 
peHua B CyTOUHOM, 2- uw 5-mMeca4HOM Bospacte. ‘ 

B I cepum onsitos 74 romoBam IbIAT pyccKolt Geol NOpobl (43 BABapHA) 
M Mopospl Oesbli MerropH, HawHHas c 1—26-yHeBHOrO BospacTa BHYTPHMBbIILIeu- 
HO BBoqusach JLHK. Kaxkgomy peuunuenty Opi0 BBefeHo no 58—110 mr 
HK. Or onbirHpix Kyp H MeTyxOB STO CepHH OMBITOB ObII0 movlyyeHo nep- 
Boe MOKOJeHMe IbINAT — 262 TouoBbl; yacTH W3 HUX (68 rowoBaM) MOBTOPHO 
Bpowumach THK (Bcero 58 mr). Becuoft 1960 r. nowy4eHo BTOpoe MOKOJIeHHe 
(337 rosos). 

B pesyibTaTe OMbITa BbIACHeHO, YTO TaKoe BBegeHHe JIHK ue u3menuno 
BHAMMBIX MOp(oMOrM4ecKUX MPH3HAKOB PelMMMeHTOB H UX MOTOMKOB. OgHaKo 
CPeMH IbITIAT, TMOJIYYCHHBIX OT aMePHKAHCKUX OesbIX JIeFTOpHOB, KOTOPBIM 
MPOMSBOLHIMCh UHbeEKIMH THK, Ha6moxamcb eMHMUAbIe cysan ToABeRuA 
ocodeii C pbkxKMMM HIM YepHEIMH Meppamu. Ho aru cJyuav MbI He CURTaeM JaKa- 
SaTCJIPBHBIMM, TAK KaK HM Y KOHTPOJIbHBIX AMe€PHKAHCKUX JIETTOPHOB HMeVICA Ta- 
KOH 2K€ MIPOWeCHT H3MCHEHHBIX ocoGe;t. 

Bo II cepuu onpitos B salina (75 mtyk) of Kyp pycckonw Seo noposb B ne- 
po uHKyOalnn BBoqMIM JIHK B konnuectBe 0,1—1,0 mr. Butpenocs 32 unin- 
JleHKa 6€3 KaKHX-IM60 MpH3HaKOB H3MeHeHHA OKpackH onepeHus. Bnocwen- 
CTBHH STHM IIbIMIATaM BHYTPHMBIMWeYHO OblwIO BBeeHO m0 58—93 mr NHK. 
OT HHX TlosyyeHbI MepBoe u Bropoe MoKOeHuA IbINIAT, TAKXKE HMeBIUMX TH- 
mHuHoe Oesloe onepeHue. 

B III cepuu oniros Kyppr noposst pycckaa Oewlad u Genbtit WuMyTpoK UC- 
KYCCTBEHHO OC€MeHAJIMCb CepMOl MeTYXOB CBOMX MOpOk, B KOTOpyi0 OBO JO- 
OaBneno 0,5—1,0 mr JIHK. Ocemeneune Kyp TIpousBoyusocb cnycTta 3—6 uac. 
Hocie B3ATHA CiepMbl M ee pasOaBenua JIHK. OnsogoTsopsemots Kyp B 
PesyAbTaTe TaKOTO OCeMeHEHHA OblIa OYeHb HU3KOH: 26,7 1 33,8%,— a B KOH- 
TPOJIbHBIX BapwaHTax 70,7 u 87, %. BriBoxuMocTh IbIMIAT H UX TlocT9MOpKo- 
HabHaA YKHSHECHOCOOHOCTh B ONbITHBIX H KOHTPOJIbHBIX BapHaHTa2x OKa3alacb 
NOYTH OLMHAKOBOH. B oKpacke onepeHUA y WBITVAT, MOJIYYCHHBIX OT OMNbITHBIX 
KyP, HHKaKHX H3Me€HeEHHH OTMeyeHO He OpIO. Takasa xxe KapTHHa HaOwoxamach 
B M€pBOM HM BO BTOPOM MOKOJIeHHSAX. 

B 1959 r. onpir Opi TNOBTOPeH Ha MapTHM MUbINIAT pyccKol Geno NOpospl 
43 CoBxosa «IITH4Hoe». Baiio B3ATo 134 HEIMVIeHKa, 1 UM B Bospacte 2—19 Heli 
Hadas BBowuT JIHK. B stom onsite BBeqeHne HK ocymectasssiocb 110-pa3- 
FOMY: BHYTPUMbIINedHO (93 IbIMIATaM), BHYTPHBeHHO (21 ubimieHky) HM BHyTpH- 
OprouMHHo (20 IIbIIIATAaM). BobIIeH UaCTH STHX IUbITIAT BBEeHO Take 2Ke KO- 
amuecTBo JLHK, Kak u B nepBbrit rox ompira (58—114 mr), a 22 mononkam — 
mo 531,5 mr HK, vt. e. taxoe KOJIMNECTBO, KaKOe OObIMHO BBOJAT KypaM C 
KPOBbIO B OMbITAX MO TlepeMBaHWIO KpOBH. Koutpoviem B onbite 1959 r. exy- 
KHIM KYPbl — pycckne Oesble u3 coBxo3a «llTruuHoey. 

PeILMIIMeHTOB B onbite 1959 r. Ha6mofanuch HeboubIIHE H3MeHEHHA OKPa- 
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CKH OnepeHus (B 5-MeCA4UHOM BO3pacTe): CMHHHUHbIe YePHble NepbA HIM MaleBbIi 
HasleT Ha GesIom onepeHun (y 9 ocoGeli u3 107). OfHako uM Cpe KOHTPOJIbHBIX Kyp 

- wMesucb oco6u (14 v3 128) c noqo6HbIM Ke H3MeHEHHBIM ONepeHHeM. Y UbIIIAT 
nepBoro noKkovieHua (714 wiryk), NOJyYeHHbIX OT KYp-PeWHMIHeHTOB, B CyTOUHOM 
BO3pacTe OTKJIOHCHHH OT HOPMaJIbHOH OKPaCKH OMepeHHA He OpIIO. 

Takum o6pasom, HallM onbiTs! no BBesenvio JIHK, spleseHHol 3 KPOBH 
KYP OMHOH NOposb B OpraHH3M Kyp Apyrok moposb, He MpHBeM y OMbITHOHK 
TITHIbI K H3MCHCHHAM OKPaCKH BHELIHHUX MOKPOBOB, TeJIOCIOHKeHHA WIM Ka- 
KUX-JIM6O Jpyrux Mpv3HakoB. ITO OblIO HAMM MpocJiexKeHO He TOJIbKO Ha pe- 
IMMMeHTaX,HO H Ha TepBOM HM BTOPOM MOKOJICEHHAX, IIPH4eM OLIbIT ObII MOBTO- 

 *peH ABaxkip. EquHMuHble Clyuan, B KOTOPbIX HaO/MOLaIMCb U3MeHeEHHA Orlepe- 
HMA Y OMBITHBIX I[bIMIAT, 10 HallleMy MHCHHIO, He MOLYyT CJ1y2KUTb MOCTATOUHBIM 
OKa3aTeJIbCTBOM TpaHcdopmupyiomero ZeictBuad JIHK, mockouibky M B KOH- 
Tpovle HaOMOMasICA TAKOM 2e MPOWeHT H3MCHEHHBIX MO OKpacke NTHLL. 
IIpumepHo B OfHO BpeMA C HaMH MOMOOHbIe paOoTh! MpOBOAMIHCh MU APyruMy 
* vicCeLOBaTeAMU, KOTOPble TakxKe COOOMLAaIOT OO OTPHMAaTebHbIX pesyJbTaTax 
j ONBITOB NO BAMAHMIO UyxKeponHOH JIHK Ha u3sMeHeHMe HaCJIeCTBeHHBIX TpH- 
3HaKOB Yy BBICIIMX %UBOTHBIX. 9To — paOoTE T. Tleppu uJI. Yoxepa (°) Ha 
' xppicax, C. Tepmen3ona u mp. (7) Ha TYTOBOM WeJIkKONpsAe, Aposoduse HM MBI- 
max, A. CBo6on u B. PamKosoli (8) na yrKax, K. Iloduepa u K. Beprepa (°) 
Ha Kypax, A. Turu, UW. Benegescxoro u K. JiuccaKxa ("°) Ha Mbilax, Kpbicax 
vu KpomuKkax, JK. Beppa u K. Kap6u (*) na kppicax. MuTepecuo, uTo H Camu 
dpaniysckue yuennie — )K. Benya, IT. Jlepya u P. u K. Bengpesm (**) — pu 
MOBTOPeHHM CBOMX OMLITOB lo TpaHccopmalun y mtu B 1957 u 1958 rr. He 
 MOJIYUMIM MOATBepxKTeHHA CBOUM TepBOHAYaJIbHbIM JLaHHbIM. 

C nomoxKuTeAbHLIM pe3yJbTATOM MOJOOHEI oNbIT Obi mpoBeseH O. Uenn- 
Hora C COTP. Ha MeKMHCKUX yTKax (mM4HOe coobueHMe Ha 1-i KoHdepeHuun 
lO HYKJICHHOBLIM KHCJIOTaM HM HyKJIeolmpoTeujaM, 1959 r., meka6pb, Mocksa). 

BeposxTHOH MpH4HHOH pasJIM4HbIX Pe3yJIbTATOB B OMbITAX M0 TpaHcdopma- 
IMM Y BBICIIMX OPTaHH3MOB, M0-BUAMMOMY, ABJAJIMCh HEKOTOPble pasMuHs 
B MeTOfax nosyuenua JIHK, oryesenusa ee oT OeKa M XpaHeHHA, B pesyJbTaTe 
qero B OMHUX Cy4anx COXpaHsAach, a B Apyrux cyyaax uCuesava ee OHOJIOTH- 
wecKad aKTMBHOCTb. Bo3mMoxKHO TakxKe, YTO 30eCb HMeJM OoJIbIoe 3HayeHHe 
HHIMBALYaIbuble pasIM4MA MO BOCIPMMMUYMBOCTH K BOSeHCTBUIO JUHK; tTakue 
Ppa3IM4HA OTMeYeHI ObIIM H, paHbille B OMNbITAX C MAKPOOpraHH3MaMH, NOSTOMY 
JIA BLIACHeHHA TpaHccopmupyroulero JelicrBua JIHK Ha BbICHIMxX OpraHusmax 
HeOOXOAMMO MpoBefeHue HaOsOLeHHH Ha ropa3syo OOVbINeM KOJIMYeCTBE OCO- 
6eli Ipu cTporkaiiiem coOmMoseHuu TeHeTHYeCKON UHCTOTHI ONbITHOrO MaTepHa- 
31a M MIpH MOWHOM coxpaHHoOcTH OMO/IOrMYecKOH aKTHBHOCTH Bppogumon JIHK. 


Viuctutyt 6voxumun um. A. H. Baxa Tloctynusio 
Axayemuu Hayk CCCP 30 VIII 1960 
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BHO®H3SHKA | 


M. B. BOJIBKEHUWITEHH u A. M. EJIbALIEBHY 


K TEOPHM MYTALLHY 
(ITpedcmaeaeno axademuxom H. B. O6peumoecim 22 VII 1960) 


Pax @akTOB CBUJeTeLCTBYeT O TOM, YTO TOUCUHbIe MYTALMH CBOLATCA K Ha- 
PylleHHIO TeHeTHYeCKH 3aaHHOTO NOpALKa B pacnoOwOwKeHWM HYKJeCOTHIOB B 
MOJIeKYy aX J€30KCHPHOOHYKMeHHOBOH KucsoTE (THK) (+). Henasuo @pecko 
u AnpOepte noka3aqH, YTO B TBOMHbIX CHMpaAX CHHTeTHUeCKUX NOJIMHYKJ1eo- 
THAOB, Wem KOTOPbIX COfep%KaT He COOTBETCTBYIONIMe [pyr Apyry asoTucTple 
OcHOBaHNA, OOpasyiorcH neTAM. TeM CaMbIM MeTJIA MOET CJLYKUTb MOmeKY- 
AAPHOH MOfesbIO TOYeYHOH MyTawun (*). Ha puc. 1 noKagana cxema pa3MUHEIX 
THNOB TakKHX MyTauMhH JIHK. 

Hcxola 43 TepMoyMHamuueckoll Teopuu pexynauKauun JIHK, PasBUTOH B 
padotax (*~°), BEIMHCIMM TepMOAMHaMMYeCKHe BePOATHOCTH BOSHHKHOBeHUA 
MyTalMii (MleTeIb) pasiMuHEIX TunoB. YenoBue pelynuukanun JLHK ea 


Peres ce tales Er n(Q “F\>0, (1) 


Te &; — SHePrHa, BBIHTPbIBAeMaA TIpH OOpasoBaHMM XHMMYECKOM CBASH MEKAY 
HYKCOTHLAMH, € — SHEPIUA OOPasoBaHHA BOLOPOLHEIX cBaseH MexIy ale- 
HuHOM (A) 4 TumMuHoM (T); & + Ae, — To xe ama ryanuna (I) u mutTosuua (I); 
¢ — fot nap +11 B JHK; xpp xonuentpanua (AKTHBHOCTb) mMpodochata 
B OKpyxKaiouleM pacTBope; 


# = "fo (xa + x7 + xr + xu) [(1 —a) (1 —B) + af; be 
XK — AKTHBHOCTb B pacTBope HykseoTuATpudocpata HT, cogepxamtero ocHo- 
pane |K (= A, T, Fy) 1; p= 

Xa + Xp + xy + xy 

HSMCHeHHe BHYTPeHHeH CTaTHCTM4eCKOH CyMMbI HYKWeoTHJa ‘npA mouH- 
KOHLeHCalMu. Tipu o6pasoBanun neti 1BoiHad cnMpanb ocraeTca 6e3 u3Me- 
HeHHH, HO paccTOAHMe MexKLy HOHAMM OuMKaliuMx tboccbaTHEIxX py yMeHb- 
maeTca ¢ 7 Jo 6 A (?). BepostuocTs myTalun B aHHOM 3BeHe, COsepxKalilem 
OCHOBaHHe K, ompenemaem Kak 


W = exp (— AFx/kT) (3) 


me AFx — pa3noctb cBO6ORHBIX SHepruli MYTHpOBaHHOrO HW HeEMyTHpoOBaHHOro: 
COCTOAHUs 3BeHa C OCHOBaHHeM K B wenn JIHK. Cuutas, ato Q OJMHAaKOBO [It 
BCex PaCCMaTPHBAeMBIX CJlyuaeB, HAXOLMM pu ycoBun AF = 0 (cp. (*)) sHa- 
yenua W Ask THNOB MyTaluii, MoKasaHHEIx Ha PHCas1: 


, Q xapaxrepa3yer 


5s , 
naa (6) Wy= ~~exp (—“H) (4) 
“ x" f 284% — &2 — aAks ; 
AA (6) Wo % exp ( ai iE (5) 
Xe f : ; 
aaa (2) Ws = exp (— bates ) , (6) 
a, XK AK f &9 - ae) 
ana (0) Wy= ay exp (— Shanes (7) 


MMe &2k — SHEPrHA BOMOPOLHBIX CBa3el AIA OCHOBaHHA KO (fon = Onn eae 
a = fa = 8 Aes). B Wy Keehn a Wen W, K’ uw K”—= moose. 
ONOKUM, HaNpHMep, &, = 8 KKaJl/Mob, Ag, = 2 KKaJl/MOJb, 4 =0,5 4 B 
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pacTBope Xa = XT = Xr = Xu. Torna Haxonum: W,~2-10°% ana Aun T, 
W,~4-10° gna Tu U, W.~3-10° aaa Astle W542 Os* as ae 
W,~6.10%, W,~3-10. BepostHoctu MyTalMi pa3iM4Horo Tuma cHaBHO 
‘oTsmuatorca pyr or apyra. HavGomee BeposTHb! MyTanuu Tuma (b) ana A 
u T u Tuma (2). JeiicrBuTembHble BEPOATHOCTH MeHbINe NPHBeeHHbIX BCJej- 
‘cTBHe YBCNMUCHHA 9JIEKTpOCTaTHYecKOrO OTTaNKUBaHHA cocdaTHEIx rpylin. 


i | | | 


| | | I | 
7} -[] ru Oe i | 
ete eee Gee 
ee Bs —[A|-- 7 -- = WF 
Hy SE Cll ee Sta a 
Pa eran 
i -[7} 6 Ley 
' Te y 7 a 
: (2) (a) 
Puc, 1. (a) HemMyTHPpOBaHHoe COCTOAHHE, (6), (6), (e), (0) — MyTauHH pa3vIN- 
Horo THnaB3BeHe T—A; cnuoMHble CBASH — XHMHYCCKAH CBASb . MCAD HY Kule- 


OTHaMH, IyHKTUpHble CBA3H — BOJOpoAHbIe CBASH MexKMy AasOTHCTLIMH OCHOBa- 
wuamu; K — HykKleoTHy, coxepxamuli ocnopanue K’ (K = Ae ee Ie Ly" sao} 
K ‘= T,T, Ul, B (¢) u (0) K’ & K” — a6nie 


} Ecam cuutats adpekTuBny!0 AM9JIeKTPUYeCK yiO NOCTOAHHY!O CpeAbl D papnoi 
10 (°) M MpwHATh usMeHeHHe 9SHEprHy QJIEKTPOCTATHYeCKOPO OTTAIKMBaHHs 
BO BCeX CJyYaAX OJMHAKOBbIM H PaBHbIM 


Agen = e?Ar/Ar?~ | KKas/MOb, (8) 


me An= 1A, r= 6,9 A, To BEIMCJIEHHbIe BbILIe BEPOATHOCTH MOJIKHDI ObITb 
| yMHoxeHbI Ha exp (— Ac../RT) —0,¥. 

-OKcnepUMeHTaIbHble 3HAVeHHA YMCA MYTallHii HMeIOT NOPALOK BeMUMHbI 
10-® Ha rex Ha noKonenne (*). Bo3HHKHOBeHMIO HOBOFO MOKOJIeHHA MPeAnIc- 
cTByeT px Jenennh (11H Drosophila melanogaster 20—30). Ecum uucso Je- 
neHHi MHOFO MeHbIe OOpaTHOM BeAMUHHbI BEPOATHOCTH MYTHPOBAHUA, TO MHCIO 
MYTAMH MpOMOpHOHaJbHO YMCA menenuli. CauTaa, YTO OHOMy reHy OTBe- 
yaet 103 nap HyKseOTHOB, MosyyaeM, TO CpeAHAA BePOATHOCTH ompejlesieHHoH 

_ ToUeUHOM MYTallMH B JaHHOM MecTe JIHK umeet nopsgfox 10°1°. Ora BesMuMHa 

| MHOFO MeHbille IpHBeyeHHBIX BpIIle sHaueHHli W; pacxoxfeHHe CTaHeT elle 
Oonbille, CIM TelicTBUTeIbHBIe 3HAYCHHA €p H A&y MCHbUTe yKaSAaHHPIX. OnHako 

 fleHCTBUTeIbHOe YHCJO MyTallMit MoxeT ObITh ropaszo Goupie 10719, Tak Kak 
MUIb HEMHOrHe U3 HMX MpuBOLAT K HaGMOaeMbIM MSMCHCHHAM IPUSHAKOP. 
Benencraue TOTO YTO SHEPHA BOLOPOMHEIX CBASEH B T — I] 6onpute, vem 

p A —T, Oonee BepoiTHO MyTHpoBaHHe THIA A—T—IT—L, 4em mpotn- 
BoomowKHOe. Ec W3MeHUHBOCTh OpraHH3MOB eHCTBUTeIbHO CBASAHa C HS” 
JIOMKCHHBIM, TO B Tpollecce SBOJIOMUHN CofepxXaHne Tr — 18 JHK fomxuo £03- 

| pacTatb. OKCHepMMeHTAIbHble NaHHbie He NOLTBEPALaloT YTOTO MOJOReHUA. 
II[pomenTHoe cosepwanne TY —IL 8 HK seicummx pactenult u MO3BOHOUHbIX 
SKHBOTHBIX CTaOuJIM30BaHO Ha ypoBHe 40—44 % (#). Bo3MoxKHO, 4TO STO CBASAHO 

- ¢ HeOarOnpHATHBIMA TeHeTHYeCKUMH cpolictpami JIHK, o6naparoule MoBbl- 
WeHHEIM cofepwKanuem I — I] — coorsetcTByioulme MyTAanunt MOryT XapakTe- 
PHSOBaTLCA OO/IbINUM MPOWeHTOM netaneli. MoxkHO JlyMaTb, 4TO He BCe 3BeHbA 
Makpomoviexyibt JIHK renetuyecku (byHKUMOHaIbHbI. B 9TOM Crytae TPYyHO 
OOBACHUTD CTAOUMH30BaHHOe cozepxaHue I’ — J] B BBICHIMX OpraHH3Max. 

OueBuiHO, YTO MOKA MbI He HMeeM OCHOBaHHii CUMTATb pe3yJIbTATbI YHCTU 
TePMOAMHAMHYeECKHX PaCdeTOB CorslacylOwWlHMucA C ONbITOM. Y KaxkeM [Be BO3- 
| MOYAKHbIe MPHYHHHI TAKOTO HecormacHa. 

| Bo-nepBbIx, BepOsTHOCTb MyTalMi MOMKeT oMpeseiATbCA He TePMOAH™ 

 HamHuecKumu, a KMHETHUeCKHMM (pakTOpaMH (°). IIpumenutesbHO Kk IIpHHATOH 

: MOMENI C «MeTIAMH» STO OSHAYAeT, YTO BEPOATHOCTD BOS3HHKHOBeHHA MYyTAalHh 
onpesensetca He SHeprHeH BOLOPOAHPIX cpa3eii, a 9HeprHel aKTHBallMM COOT- 
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BeTCTBytollero Npotlecca. TeopeTuyeckuli ananu3 TaKoli BO3MOXKHOCTH TpeOyeT 
CO3MaHusl KMHETHKM KOONepaTHBHEIX MpOeccoB cHHTesa MAKPOMOJIeKyJI Ha | 
maTpuilax. Bo-BTopbix, mpoTuBopeune MexKy TEPMOJMHAaMUYeCKOH Teopneli u 
ONPITOM MOACHO YCTPaHHTb, CCIM IpeMNONOKUTh, YTO TOYeWHAT MYTalHA BbIpa- 
*Ka€TCH OLIMOKOM HE B OJ,HOM 3BeHE, a B HeKOTOPOH NOCJIeELOBaTeIbHOCTH 3BeHbeB. 
Mei Buyenu, uo Wy < Ws; OYe€BUTHO, YTO YBeJIMYeHHE JIMHBI NeTIM O3SHaUaeT 
PESKOe YMCHbINeHHe BEPOATHOCTH ee OOpasoBaHua. C Apyrou cTopousl, mytTanusa 
MO2KECT BbIPaKaTbCA NOCMeLOBATeIbHOCThIO OLMHOUHBIX TeTeAD. Paccmotpenne 
2TOPO BONPOCa TECHO CBA3AHO C MpoO/lemoli KOAMpoBaHUG. Hecmorps ua otcyr- 
CTBHE OMPeWeJIeHHEIX YCNeXOB B HaXOKJeHUN Kosa JIHK — Geox, ecTb ocHo- 
Ban NYMaTb, YTO 3a TIOABJIeHHe aHHOl AMHHOKMCOTH OTBETCTBEHHA mocuJie-- 
ZOBaTeIbHOCTh 3—4 HyKeoTHAoB (2°), Ecan MyTallHA COCTOUT B O6pas0BaHuN 
OAHOH LIMHHO MeTIM, TO OTMALaOT U3AOKeHHBIE BHITIE CooOpaxkeHuA 0 BO3- 
pacTanun comepxKanua IX — I] B npomecce sBomonun. TpyqHo npeqnonoxuts, 
WTO MYTHPyeMaxd MOCMeAOBAaTebHOCTh 3BeHbeB JIHK coctout TOJbKO u3 A u T. 
Hanporus, ecm renetuyeckn PYHKIUMOHAIbHO OOpas0BaHue NOCJIeqOBaTeJIb- 
HOCTH CIMHMYHBIX TI€TeJIb, TO yKasaHHble cooOpaxkeHua COXpaHsloTca. 

Hs dopmya (4) — (7) cuelyeT, 4TO BeposTHocTE MYTAILMH 3aBMCHT OT CcooT- 
HOUICHHA MEXKY OTHOCHTEIbHBIMH KOHIeHTpaluaMu Pa3JIMYHbIX HYKJCOTHIOB 
B pactsope. Jl Toro uTOObI ypoBeHb cnoHTaHHBx MyTalMi Obl MocTOAHeH, 
°TO COOTHOWeHHe JOJRKHO COxXpaHATECA Heu3meHHEIM. JIio60e HapyuleHue 6a- 
JlaHCa IIPHBeweT kK H3MCHEHHAM B 4NCe MH TuMax MYyTallHi. OTO MosoxKeHHe B 


CTOATh B HapyleHHM OalaHca HYKMeOTHIOB B IuTonma3sme. VY3Bectuo, uto 
KOPOTKOBOJIHOBaA pauallua 10-pasHomy WeucTByeT Ha pa3uMuHBIe HyKsIeo- 
THIBI. SeCh CyIeCTBeEHHO s0KaJIbHOe BO3leHCTBHe€ KBaHTOB Ha HYKJICOTHILbI, 
HaXOJAUIMeCA B HeIOCpeACTBEHHOM Onu30CTH OT peqyniuuupyemon JIHK. 

@opmyur (4) — (7) tloKa3pIBatoT, uToO BEPpOATHOCTH MYTAILMH 3KCMOHEH- 
WHaIbHO PacTyT c yBenM4ueHHeM Temuepatypbl. Bauauwe KBaHTa MOxeT  co- 
CTOATh B YBeJIMYeCHHN JOKAaJIbHOL TemlepaTypbl B JaHHom mecte JIHK senen- 
CTBHE TIpeBpallleHHA SHEPHH KBaHTA B SHEpruio KoeOaHHH aTOMOB. 

Tak JIM nHaue, MOJeIMpOBaHve MYyTalMi «neTaamuy TIpeACTaBJIAeTCA MHO- 
roobenlaiomlum. Takast Mogeab nosBonseT OObACHHTL Pe3Y/bTATHI ONbITOB Kopx- 
depra no cuHTesy JIHK in vitro (*). Yeranosneno, uto cHuTe3 JIHK npaxtn- 


peAyntnKattun JLHK. Bosmoxuo, ato usyyapuleech Kop6eprom Bxsro4eHne 
Meyenoro hocibopa B HT® (12) caszano c oOpaTuMbM OOpa3z0BaHnem meTenp. 


Muctutyt BBICOKOMOJICKYJIAPHBIX COoeMHHCHHIt Tloctynusto 
Akaylemun nayk CCCP 19 VII 1960 
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BHO®H3SHKA 


3. A. PPAEBCKHH u M. M. KOHCTAHTHHOBA 


© MEXAHV3ME MIPOTMBOJIYYEBOrO 3ALIMTHOrO JENCTBUA 
JIUTHOJIOB 


(IIpedcmaeaeno axademuxom A. H. Onapuxoim 22 VIII 1960) 


) 


Muorve v3 4nCNa pasHOOOpasHELX S9*PPeKTHBHBIX B 3all[MTHOM OTHOIICHHH 
arentos OcNa6sIoT JelicTBHe palualluv, CO3faBawd AHOKCHIO B TKaHAX BO Bpe- 
Ima oOmyuenua (1,7); ofHako HanMOosee CHJIbHBIG IPOTEKTOPbl — MOHOTHOJIbI H 
TIPOHSBOHEIe THOMOUEBHHE! — 3all\MUalor 6vouorHyecKHe OObeEKTHI, He BINA 
Ha HallpaxKeHne KuCMOposa B TKAaHAX (®). Uro KacaeTca QMTHOJOB, TO HMe- 
‘oulMecH faHHble B CHJIyY CBOel MaJIOUMCJIEHHOCTH HM IIpOTHBOpeuHBOCTH He 
“TOKO He JlaloT BO3MOX%KHOCTH CYJHTb O MeXaHH3Me HX MpOTHBOJYyaeBoro 
JlelicTBHA, HO Jlaxke He NOSBOJIAIOT CUNTATb NocwJeqHee MOKasaHHbIM. SallluT- 
Hoe jelictBue ofHoro u3 Hux (BAJI) o6HapyxeHO Ha MHKpoopraHu3Max (°*), 
‘tora Kak Ha MJeKONUTAIOUYX NOMOKUTeMbHBI MpoTHBOsy4eBOH sex 6nd 
noKa3aH Jia 3TOFO BelllecTBa JIMIIb B Cilyyae BO3LeHCTBUA MOJOHHA (°) u 
pauoakTuBHoro qociopa (°), BBOAMMbIX B OpralH3M. SalluTHOe BIMAHHE 
'BAJI of nu3ayyeHus HHKOPHOPHpOBaHHBIX PaMOaKTHBHBIX BeINeCTB Mpenlo- 
JIOKUTeEMbHO CBABbIBAeTCA C YCKOpeHHeM BbIBeJeHHA H TMepepaciipeseseHHeM 
paMOH3OTOTIOB. 

Henapuo oGHapyxXeHO, 4TO 3allINTHOM spPeKTHBHOCTHIO B TeEYeHHe BeCbMa 
TIpOOWKUTeMbHOrO BpeMeHH OONaaeT YHUTHON (7,8). Bmecte c TeM B-HMelIo- 
melica WHTepatype OTCYTCTBYIOT Kakue-IHOO MaHHble, KOTOpBIe OOBACHAJM Obl 
MeXaHH3M ero TIpOTHBONyueBorO felcTBHA. 

Hactosimmaa paOoTa NocBALeHa HCCJeAOBaHHIO 3al\HTHOTO jleicTBUA JH- 
MepKarlTOCcoeAMHeHHH: YHUTHOJIA JMIMepKaNITOMPOMMOHOBOK KHCIOTbI (J[MIIK). 
Yunrpiwaa rocnogcrBylollee MpeAcTaBJieHve, CBASbIBAIOIICe 3allMTHOE BIIMAHHE 
HpobusakTHYeCKH MPHMeHAeMBIX MIpOTHBO/YYEBLIX MpOTeKTOPOB C Cos /aHvieM 
-THMOKCHM B KsleTKaxX HW TKAHAX OpraH3Ma, Mbl NPOBeMH CONOCTABJEHHE 3allluT- 

HOH appeKTHBHOCTH YKa3aHHEIX JIMTHOJIOB C HX BJIMAHHEM Ha HaNpARKCHHE KC 
Jlopofa B TKaHAX. 

Padota BLINOMHeHa Ha OevIbIX MbIIIax OOOerO NOJIa B BO3pacTe 8—12 neneub, 

—specom 18—20 r. )KuBoTuble NosBeprasucb OMHOKPaTHOMy o6ulemy Bo3qeHCTBUIO 
y-myyet Co® npu paccrosuuu 21 cM HM MOULHOCTH O3SbI 357 r/MHH B aOCcOJIKOTHO 

-cmepTembHol jose 900 r. Mcceqopanupie BellecTBa BBOJHJIMCb MHOXKOXKHO B 
0,5 MI JuCTHIIMpOBaHHOM BOM B CjeAyroluleM KouMuecTBe: yHuTHon 20; 14 
u 9 mr, a JIMIIK 1,0 nu 0,75 mr Ha 2KMBOTHOE. YuutTuou uHbelupoBaca 3a 10; 
15; 20; 30; 40; 45; 50; 60; 90; 120 u 180 mun., a JTIMMK 3a 15; 30; 60; 90; 120 
u 180 MuH. 20 oOmyueHNA 2KMBOTHEIX. KpaTKOBpeMCHHOCTb o6myuenna (900 r 
jlaBaslocb 3a 2 MuH. 28 ceK.) NO3BOIMJIa MpoBecTH jleTaIbHbI aHaIM3 H3MeHeHHH 
PaMOUyBCTBHTe/IBHOCTH 2KHBOTHBIX BO BpeMeHH TMocule BBeeHHA yuTHouoB. Kpu- 
TepHeM CJYKUMM BbUKHBaeMOCTh M MpONOJAKUTEJIBHOCTD 7KM3HH NMOrvOaBulNx 
2KMBOTHBIX IpH HaOJIOeHHH B TeveHHe 30 qHeH. 

TlapannenbHo u3ysalocb BIMAHHe yHHTHOWA H JIMIIK 8 yKa3aHHbIxX KOH- 
‘IeHTpallMaAx Ha HanpsKeHMe KUCIOpOa B MeseHH HM CeJeSCHKE MblilieH in vivo 
Ha MpoTa*KenuH 3 yac. MOcJe BBEAeCHHA. ViamepeHue coflepxKaHuA KHCOposa OCy- 

| wlecTBAAOCh MomAporpapuyecKHM MeTOAOM TMpH TMOMOLUKH IlIaTHHOBOTO 3JIeK- 
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Tpofa <OTKpbiToro Tuna». II]pHMenaBuiasca B Hallux ONbITaX MeTOZMKa u3Me- 
PeHHA KUCTOpoNa Oba OnMcana pauee (7). Usmenenue HanpsxKeHUA KACOPORa | 
B PpasHble CPOKH NoCJle BBeeCHHA BeM[eCTB BbIPaKaJOCb B MPOMeHTAaXx OT UCXoOL- 
HOM BeJIMYHHbI HW COMOCTaBAAIOCh C SaNUTHOI sdeKTHBHOCTHIO STUX BeIILeCTB 
B CooTBeTCTBylollMe CpoKu. Takoe comocTaBjeH''€ NO3BONAIO CYAMT O CBA3H 
SaUIMTHOPO BJIMAHMA BeUeCTB C YpOBHeM KUCJIOpoqa B TKAaHAX. : 
J{onOHHTeNbHEIM KPHTepHeM, HCHOABSOBaHHEIM JIA BpeMeHHOrO cono- 
CTABJICHUA PalMOUYBCTBUTEbHOCTH 2KHBOTHEIX C W3MCHEHHEM HallpsKeHnA y 
HUX KUCIOPOa, CyKUa KPHBaA, OTParkaloulad MPOUeHT XKHBOTHEIX, y KOTO- 


’o 2 
éor A 


40, 60 =80~— 00~—=«aD 40 = 160 mun 


Puc. 1. Conocranjenue samutuoro BauaHua YHHTHOWAa C BJIH- 

AHHEM €PoO Ha YPOBeHb KHCJlOpofa B TKanax. A — jo3a 20 mr 

Ha Mbllub, 5 — 14 wrua Mbmlub; B —9mr ya mpuup. J — 

YMCHBIUCHHE HANPAKeHHA KUCOpoza B cesleseHke, 2 — B 

meveHH, 3 — BEDKMBaemocTh, 4 — MIpOWeHT %XHBOTHBIX Co 

CHW2KeHHeM HalpsxKeHHA ee B CeyleseHKe Ooslee vem 
Ha 50 0 


PbIX HallpsKeHHe KHCIOPOa CHYKeHO B PaHOUYBCTBUTeIbHOH TKAHM (ceve- 
3eHKe) Ooslee uem Ha 50%. Kax yCTaHOBJIeHO HaMH B SKCHepHMeHTax Cc OxJlaxKe- 
HHE€M 2KMBOTHBIX, TOJIbKO CHYDKeEHHe KHCIOpoma Oosee uem Ha 50% WaeT 3allury 
MpOTHB H3JIyyeHHs. 

OnbiTsI, MpoBeqeHHbie c YHHTHOJOM, NOKa3aM, YTO HanOoAbINAad H3 HCHOND- 
SOBaHHbIX HaMH KOHUeHTpalnlt yHuTuona (20 mr ua MBIIIb) JaBasla OTHOCH- 
T€IbHO HeOOJbINOH 3allNTHBI Sekt (BLMKHBaIO He Gonee 0% *MBOTHBIX 
mpu 100% rnéenu B KOHTpose), KoTOpbili COnapyxKuBaNcA AMIE yepes 1,5 uaca 


MYMOM B TlepHon oT 20 go 120 mun. nocze BBeleHHa. Hexotopasa TOKCHYHOCTL 
mpetapata B tose 20 mr ja HeOOMyYeHHEIX %KUBOTHEIX (cMepTHocTb 10—15%), 


HHA KMCIOpoqa mpHBemu K TIP€IMCJOXReHHIO O NOBBINeEHHH TOKCHYHOCTH JaH- 
HOM JO3bI YHUTHONA Ws OOJIY4eHHBIX XKUBOTHBIX. 
1) 


t 


TlefictBuTebHO, yMeHbIeHHe KOMUeCTBA BBOLHMOrO yHUTHONa fo 14 u 
oco6eHHO lo 9 Mr CyINecTBeHHO COM3HI0 MO BpeMeHH M SdpPeKTHBHOCTH KpH- 
BY1O BbIKMBaeMOCTH C KPHBOM, OTOOPaxalollel JMHAaMUKY KUCJOpofa B TKAHAX 
(puc. 15 u B). 

AnajorvuHble pesyJIbTaTb! ObIIM MOIyYeHbI B OMbITaX C IPHMeHeHHeM B Ka- 
gecTBe 3aliuTHoro arenta JIMIIK (puc. 2 A). SamutHaa sddbeKTHBHOCTb 3TOTO 
ipenapata B fose 1,0 mr Ha xMBOTHOe Obla HeBeIMKa (MAKCHMaJIbHaA BbDK- 
BaeMOCTb cocTaBasa 22% np momHol ru6emH B KOHTposle) H OYCHb KPaTKO- 


“BpemeHHa; yxke uepes 30 MUH. Nocie BBeAeHUA SallTHOe flelicTBue mpemapata 


ole 
140 = 160 180 mun. 


Puc. 2. Conoctapienve 3aIHTHOrO BIMAHHA [HMepKarTo- 

MIpOMMOHOBOM KHCJIOTHI C BIIMAHHeEM e@ Ha YPOBeHb KHCOpona 

_BTKaHsAX. A — no3a1,0mr na mbnub; 6 — 0,75 mr Ha MbILIb. 
OctasIbHble O603HaYeHHA Te 2Ke, ¥TO Ha puc. | 


OTCyTCTBOBaIO. Bmecte c TeM B3ATOe KOJIMYECTBO JIMIIK sBpispipao 3HauH- 
TeIbHOe HM CTOMKoe WaleHwe HAaNpwKeHUA KUCIOPOMa B celeseHKe HW NeveHH C 
MAKCHMYMOM, TIpHXOMAULMMcA Ha NepHo OT 20 no 70 muH. Tloce BBeeHHA. 
V1 8B 3TOM cayuae yKasaHHOe HECOOTBETCTBHE NPHBeNO K MpPeMMOMOMKEHHIO O MO- 
BINeHHOM TOKCHYHOCTH aHH fi Jos3bl Upenapata AA OOMyYeHHbIX MbIIUeH. 
Bsenenne JIMIIK HeoOmyseHHbIM %KMBOTHBIM BBISbIBAIO yY HHX CMe€PTHOCTb 
15—20%: 

Cumwxennas no 0,75 mr Ha MpItb go3a JIMIIK, BpispiBad MeHbulee NayeHve 
HampwMKeHMA KUCOpOa B TKaPAX, CyIIeCTBeEHHO MOBbICHwJA BbIKHBaCMOCTb 
SKUBOTHBIX Toce OOJYYeHHA MH Tala yMOBJeTBOPHTeIbHOe COBMATeHMe BblaKH- 
BaeMOCTH C «KHCJOPOLHOi» KPHBOH WH KPMBOH, OTpaxkarolleH MpOWeHT WKMBOT- 
HBbIX C Halps2KeHHeM KUCJIOpOsa B CesleseHKe, CHH2KCHHBIM 6omee uem Ha 50%. 

TlpegcrapuieHHble MaTepMaJIbl MOKa3bIBaloT, UTO 06a MCMbITaHHble HaMU JM- 
MepKarlTocoeHHeHHA OOsaaloT OTUCTAHBOM 3aULMTHOM 3cpcbeKTHBHOCTHIO, KO- 
Topad OOHapyxXuBaeTCA B TeveHHe 3HAUMTEJIbHOTO CpokKa flocae WX BBeeHHA. 

O6paijaeT Ha ceOA BHUMAHHe TO O6CTOATeEIbCTBO, UTO CHMKeEHHe B oMnpese- 
NeCHHBIX Mpefeltax O3bl AMTHOOB, BBOLUMOM %%KUBOTHBIM Tepe OOTyYeHHeM, 
TIPUBOMUT K HeKOTOPOMy YCuJIeHMIO 3alllHTHOM 2:ppeKTUBHOCTH Mpelapata, 4TO 
TOBOPHT, MO-BHAMMOMy, O MOBbINIeHHOM TOKCHUHOCTH Id OOJLYYCHHbIX 2KUBOT- 
HBIX MAKCHMAJIbHBIX 103, TepeHOCHMbIX HeoOsJyYeHHbIMM MbIINaMH. 

Ucnpiranuple 2uMepKanTocoeAMHeHHA NPHBOLAT K CyIMeCTBeHHOMY Hi BeCbMa 
JWIMTeEIbHOMY CHWKEHHIO HalpsKeHUA KUCOPOLAa B TKAHAX, KoTOpoe Tip TIpH- 


‘meneHum yHuTHona B qo3ax 14 wu 9 Mr u JIMIMK 0,75 mr paspuBaeTcs mpHoOmH- 


B3HTeIbHO B CPOKM, COOTBETCTBYIONIHe HaHOovlee BbIPAaxKeCHHOMY 3alllATHOMY neli- 
CTBHIO. 

Takum o6pa30M, MOXKHO MoJlaraTb, YTO MpoTHBOMyueBan SallMTHaA acpdpex- 
THBHOCTh JUTHOOB, B OTAMYHe OT UCCIeOBAHHNBIX Hau6oulee jleHCTBeHHbIX 
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cepycowepxKaulHx CoeqMHeHHH (8-MepKanTosTHaMHH HH 2-amMHOSTHAM30TH- 
ypouui-Br-HBr u 7. 4.), BeposxTHo, o6ycnoBneHa THNOKCHeH, CO3aBaemoit 
MMH B pajMOUYBCTBHTeJIbHBIX OpraHax. MexaHH3M BO3HHKHOBeHHA THHOKcHH 
fipH BBeeHHH yHuTHONa Mu JIMIIK noka ne BpiacHeH. 


WucrutyT mopdouioruv 2uBoTHBIX uM. A. H. CepeptoBa Tloctynuao: 
Akajylemuu HayK CCCP 18 VIII 1960: 


UHMTHPOBAHHAS JIMUTEPATYPA 


*C. Van der Meer, Di W. Van Bekkum, Intern. J. Radiat. Biol. and Re- 
lated Stud. in Phys. Chem. and Med., 1, 5 (1959). 2M.M. Kounetan THHO Ba,: 
3. A. Tpaesexud, JAH, 132, Ne 6 (1960). %3. 1. Fpaescxud, M, M. Ko u- 
cTaHTHHOBA, JIAH, 133, No 4 (1960). 4 W. T. Bi Pn et tp cee eee Stapte 
ton et al., Proc. Soc. Exp. Biol. and Med., 77, 636 (1951). °J. B. Harsch Pro 
Soc. Exp. Biol. and Med., 79, 210 (1952). ®E. Odebla d, Acta Radiol., 40, 493 (1953), 
TC. A. A poy sioss Boll, Ko PoTKoBa, Te3. JoK. no mpo6sleme THoJOBBIe coenH- 
HeHHA B MequUMHe, Kues, 1957, crp. 3—4. &C. 9. A Pp 6ys3oB, B ku. Bocctanosutenp- 
HbIe H KOMMCHCATOPHble NPOUeCChl IPH yyeBolt Gosesnu, M., 1959, 


Jorsagn Akagemun nayxk CCCP 
| 1961. Tom 136, M5 
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BHO®H3HKA 


E. K. MYWENKO u axanemux A. H. TEPEHHH 


" 
'®OTOIJIEKTPHYECKAA 4YBCTBUTEJIBHOCTb KPHCTAJIJINYECKOFO 
XJIOPO®HWJIJIA HW MHMPMEHTOB 3EJIEHOTO JIHMCTA 


ivoire * 


' 6B 1951 r. B. B. Escrurnees u A. H. Tepennn (*) nokasaiu BosHUKHOBeHHE 
hoTonoteniivana mp OcBellleHuM KOMMAaKTHOrO csIOA xsopodussa (a + b) 
(3a TaTHHOBOM SN1eKTPoxe, NOrpy:KEHHOM B PaCTBOP S/EKTPOJUTA, H_YCTaHo- 
“BHUJ, YTO CFO BEHYMHA MH SHAK OMpeMeAIOTCA OKHCJINTEJIbHO-BOCCTAHOBHTENIb- 
“HBIMH CBOMCTBaMH pacTBopa. HapactaHue u cnageHue coTonoTeHiHasa mpo- 
“ucxoguso 3a 5 - 10-4 cex. (*), uTO yKa3bIBaeT Ha TO, TO oTOMpolecc OOs3aH 
‘TIOMBY2KHOCTH 3JICEKTPOHOB, a He HOHOB. 


|  B 1956—1958 rr. (?~°) Hamu MeTofOM KOHJeHCaTOpHO (poTo-9. A. Cc. Obi0 
o6HapyxXeHO BOSHHKHOBeHHe (OTONOTeHI[Mala B KOMIIAKTHOM CyXOM Cs0e u 
“MUKpOKpHcTasnax xsopodussa (a + b) u (a), U3MepeHO cleKTpasmbHOe pac- 
‘ipefesieHue oTo-9. 7. Cc. H yCTaHOBJIeHO, YTO HOCHTeJIAMH *OTOTOKa B  arpe- 
THPOBaHHOM xJlopodussie MW ero aHalorax ABJIAIOTCA MOMOKUTEIbHbIC 3ap ATE, 
‘7. €. SCKTPOHHbIe AedeKTE!. Bpio nokasaHo, 4TO KpuCcTaMYeCKad GopMa 
“xsopodussos (a + b)u (a) m MeTHAXNOpodusnupoB (a + b) u (a) Gomee doTo- 
“gJIEKTPH4eCKM UYBCTBUTe/IbHa, 4YeM aMOpdHas, M 4TO CMeKTPbI oTo-9. Z. C. 
“BOCIPOW3BOAT CHeEKTPbI NOFMOULEHHA NHrMeHTa B arperHpOBaHHOM COCTOAHHH. 
Bpema penakcauun doto-9. 1. Cc. B MeTOJe KOHJeHCaTOpa He mpeBbiiaeT 10~°>— 

10-4 cex. WoTonpoBosuMOcTb B arperHpOBaHHBIX COAX XMOPOUANA HW MeTHI- 
-xsopcdusmmuga (a), ocaxkJeHHbIX H3 pacTBOpa Ha 3a30p MexKy NaTHHOBbIMH 
9NeKTpOfamMu, uccsegoB: acb Hesbcouom (°). B ero onbiTax JWIMTeBHOCTb Ha- 
pactaHua HM cnayeHua oToTOKa MWA xopo@usna coctapianua 10—15 mun. 

Henasyo Apxonpyz u Maxaeli (*) c noMombIO YYBCTBUTeNbHOrO BHOpHpyio- 
wero SeKTpOMeTpa OOHAPYXKMIM 3apAKeHHE COeEB XJOPOUINa MOM OCBeIe- 
uuem, PosenOepr (8) noKasau, YTO C/OH KapoTHHA Kak B CTeKO0OpasHOM, Tak 

“MB KPHCTaM4YeECKOM COCTOAHHH OOHAPyXHBAIOT POTOMPOBOAMMOCTS. 

Hactosuilaa pa6oTa nocBsllena ucceqoBaHMIo BHYyTpeHHero dotoadexkta 
XMopousa B KpHCTaMYeCKOM COCTOAHHM, a Take XMOpodussa BMecTe C 
| OCHOBHBIMH KapOTHHOMaMu JIMCTa M JMMONpoTenAHOH dpakunel 3eeHoro 
_amucta. 

VismepeHuve BeJIMUHHbI HM CieKTpaJIbHOTO paciipeseseHuA cotosdekta Ipo- 
USBOAUJOCb KOHJeHCaTOPHBIM MeTOJIOM, PerHCTPHpytonlMM AudpysHouHyio (hoto- 
9. J. C. NOM BAMAHMeM MoLyupoBaHHoro ocBemeHHsA (°,°). [lepemennasa choto- 
3. Jl. C., BOSHHKaIoulad Ha OOKNalKax KOHJeHCaTOpa, MOaBaslach Ha BxXOM YCH- 
JMTeIA TepeMeHHOTO HalipsxKeHUA C KOapPHUNeHTOM yCHIeHuA 1+5- 10°. 
UyBCTBUTeMbHOCTh YCTAHOBKH MO HalpsxKeHHIO COCTABMAA OKOJO Of us. 
CHHXPOHHBIM JeTeKTOP, BKJIOUCHHBIM Ha BXOZe YCHJMTeEMA, NOSBOAM ONPere- 
JIATh 3HAKU HocHTeNeH oTOTOKa B M3y%aeMbIxX OOLEKTAX (ie 

TlapannenbHo c U3MepeHHAMM B KOHJeHCaTOpe MPOMSBOAMJNCh TAKKE HSMC- 
peHHA OOLIUHEIM MeTOLOM (OTOMPOBOAMMOCTH IPH MOCTOAHHOM OCBCILLEHMH, 
KOTOPbI€ MpOv3BOAHJIMCb YCHJMTeeEM NOCTOAHHOTO TOK. UyBCTBUTeJIbHOCT 
ycTaHOBKH Mo ToKy cocTaBiasa 10-*° a pM yTeuke B 5-101° om u 4YyBCTBH- 
‘TebHOCTH rasbBaHometpa 5 - 107° a. K 9ekTpoxqaM oTOcompoTHBJeHHs 

TIpHKsaybIBasoch HalpxA*KeHHe B 100—200 B. 
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B metojle PoTOMpOBOAUMOCTH HCCELyeMble COM MHTMEHTOB (TOJMMHOIO OKO- 
10 0,1 .) HaHocHIMCch OcaxKeHHeM KOHICHTPMpOBaHHbIX PaCTBOPOB HHrMeHTa 
B alleTOHe HIM XJIOpoopMe Ha KBapLeBbIe MaCTHHKH, HecCymiMe Ha CBOel MO- 
BePXHOCTH HAlIbLICHHbIe MaTHHOBbIe J/IEKTPOLbI B Be IBYX rpeOeHoxK u3 5 9u1eK- 
TpOMOB KaykKlad C MpoMexyTKamu B O,1 MM, pa3MellaBuIMeca Ha myonamKe 
AJIMHOIO OKOJIO 10 MM wv WIMpHHo 2 uM. 

CriekTpaIbHoe pacnpefetenue cpoTo-3. A. c. uw tboTonpoBoyxuMmocru olpeye- 
NIAOCb Ha CTCKNAHHOM WJM KBapleBOM OJHOMpH3MeHHOM MOHOXpomatTope B 
MHTepBale JIHH BoH OT 0,3 fo 1,5 1 pu WMpHHe cneKTpanbHoro yuacTKa 
1—5 mu. MouwocTh MOHOXpOMaTHYeCKOrO OCBeLICHUA OT JAMIbI HakasuBaHHUA 
(100 BT) 3a BbIXOqHOM ebIO MOHOXpoMaTopa H3Mepsach TEPMO3JIEMEHTOM; 
TpayHPOBaHHBIM B aOCOJIOTHBIX eMHUMAX, H H3MeHAIacb 10 cnexTpy oT 10-7 
nov 10°" pe somes 

IIpuBeqeHuble HWKE CMeKTPaNbHble KPHBbIe OTHECeHEI K OMMHAKOBOM ma- 
[arolleH MOHOXpoMaTHueCKOH SHeEprUun. 


CnekTpH MoOTO-9.f.c. H 3HAK HOCUHTeENA HOTOTOKA 
MC€THAXNOPOPUAINUAA HW xNOpohuaana 


O6pekTamu UcceqOBaHHA Cy KUM XOpousEl (a), (a ++ b) w MeTHIXJOpo- 
dusiuget (a) uw (a+b), Bemerenupies Botannueckom unctutyte AH CCCP. 
Kpuctammyueckve COM MOsYuYaNMcb MHOrOKpaTHOl peKpucTatausanuel mur- 
MeHTOB M3 HX PaCTBOPOB B alleToOHe, MeTpoeHHOM Sc*upe u cMeceit STHX PacTBO- 
puteseH ¢ JoOaBKamu Bogb. UcnpitTpBannch TakxKe cou xsopoduana (a + Dye 

Pee KOTOPbl€ NOJYdauch MYTeM ero OCaKIeHUA 43 

‘ CHHMPTO-BORHOH CYCHeH3HH pu RoOaBnenuu xJ10- 
puctoro Maprana. Ilocae HeoqHoKpaTHoro Mmpo- 
MBIBAHHA BORON M WeHTpHdpyrnpoBaHHA BaKHaA 
CYCICH3HA OCaK Malach Ha MOMIOKKU VM BRICYIIN- 
BaJlaCb B BaKYYMe. ONBITH NOKa3savIM, 4TO TaKHe 
COW WIM MOPOWKH MeTHIXNOpodusnmuza u xJ0- 
pousa yxKe Ha BO3LyXe OOHAapyXuBAIOT B O6- 
JiacTH TylaBHOrO MaKCHMyMa WMrMeHTa (poTo- 
9. . c. nopaqKka | mpB/mBT, 

Ha puc. | mpupejen cnextp ‘oto-9. 1. c. AA | 
CNOA KPHCTaIM4eCKOrO MeTHAXTOpOduMLA 
(a + b) B Bakyyme uv nocne npoBerenua aKTH- 
Balu COA. OTa aKTHBALMA CocTOANa B Harpe- 
BaHHM B TeyeHve 30 mux. Jo +50° cnom B napax 
BOAbI yipyrocrpio 16 mM pt. cT. B BakKyyMHBIX 
: xe}  YCOBHAX. Takaad akTHBallud MeTumxsopodua- 

600 700 600 0Ome aa (a + b) He TonbKO noBEMaeT ero doTo- 
9. . C., HO MW CABUraeT ero KpacHBIii MaKCHMyM 

oi B AJIMHHOBOJIHOBY!0 OOaCTb CleKTpa. 
Aone Me ee Ha puc. | noKkasano Takxe janpuefiutee 
suueckoro — MeTuaxsiopodunniga CMEWLeHHe CneKTpasbHoro makcumMyma  (oTo- 
(a- b) Ha cmoge: /—B Baxyyme, 9- 4.C. 20 740 mu aa Toro xe com nMrMeHTa N0- 
2 — nocie nepBoii akTHBanHH ma- Cwe TOBTOPHOH aKTHBAaluH nmapaMu Bop. Jara 
Se yaa B TeweHHe be MHH. fop- OoubIe Hara HOCTH Bce STH MA@KCHMYMBI IIpH- 
cade Soe eee ee BeleHbl K OMHAaKOBOH BbIcoTe. AnamornuHoe 
mapax Boybl B Teyexue 30 mun, CM@W€HHe KpacHoro MakcuMyma HaGulomanocE 
(opaunatst yMenbinenst B 3,5 pasa) paHee AKo6com, Pa6unopuuem u Xontom (oe 
B CM€KTpax MOMIOWeHHA TeHOK u cycneHsuit 
STHIXIOPOPUIIUAa B alleTOHOBLIX PacTBOpax C BOAO H ObIIO CBA3aHO C po- 

CTOM MUKPOKPHCTaJIOB MMrMeHTa, 

OueBu HO HB HalmMx oMbiTax nox BAMAHMeM MapOB BOAbI B COAX METHJIXJIOPO- 


usta o6pasyeres KPHCTaJWIH4eCKaA (bopMa IHTMeHTa C MHKPOKpucTaJaMu 
BOSPacTalolluxX Pa3sMepoB. 
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i Aaa rr a ae A OEP ELL 


SNE a EN ES a ag A a GE NOE = ered 


Cou MeTHAXOpopussHfa (a + Dd) nocwde yaJieHHA NapOB BOAbI BBIMOPaxKH- 
BaHHeM M OTKauKOH pu 20° coxpaHAIOT YYBCTBHTeEIbHOCTh B BakyyMe (107 >) 
B TedeHHe MHOrHX MeCAILeB. 

Ha puc. 2 mpuBesenbl cieKTPbI PoTO-9. A. C. AA C0eB xopodusia (a + 
+ b) vi (a), OCaxKCHHEIX H3 KOHI[CHTPHpOBaHHOrO pacTBopa IIMMeHTA B TeTPoO- 
jleHiHOM acdupe Ha MOBePpXHOCTb CJIOMbl MPH 0°. Xuopoduaa (a) oOnapy- 
»KuBaeT Ooulee y3KMii MaKCHMyM (oTO-9. J. C. y 730 mu, 4eM CMeCb XJOpodus- 
nop (a + b). AHasorM4uHo MeTHIXJOpOpHINLy AaKTHBAILMA COCB XMopousiia 
lapaMM BOfbI IIpHBOLUT K CBUry MakCHMyMa (boTO-3. J. C. H POTOMPOBOAHMOCTH 
TIMrMeHTOB B CTOPOHY JWIMHHBIX BOJIH. JIA KPHCTaJIMYeCKUX COCR MeTHJI- 
xnopodussuga (a + b), xopoduutoB (a + b) u (a) Ha Bosqyxe HW B BakyyMe 
HOCHTEMAMH (POTOTOKA OKa3bIBAIOTCA NOJOMKUTEMbHbIC 3aP ALI. 


CrekTpH MPoTONpOBOAUMOCTH 
PeooToO-9.0.c. MUTMEHTOB 3eNXeHoro aucTa 


OObekTaMH HCCeEMOBAHUA CUHK MHPMeHTHI SeJIeHbIX JMCTbeB KparlHBBl 
(Urtica dioica) MH %acmuHa (Philadelphus), BbIqemsembie 3 alleTOHOBOH 
BbITAKKH. Takaa BbITAKKa COJepx#KUT KpOMe XMOpOmHAAOB a Hu D Bce oc- 
HOBHbIe KapOTHHOMABI stucTa (8-KapoTHH, 
juOTeMH, BHOJIaKCaHTHH UH HeOKCaHTHH) 
VM JIMMOMpoTeHAHy!O (pakiHio paspyUIeHHbIXx 
xjloponactos. XoTA B mpouecce SKCTPak- 
MH © JIMMOMpoTeHHbI = KOMIIIEKC— PasPY- 
wiaeTCH, MOXKHO MpeMNOOKUTb, YTO XJOPO- 
(pu OCTaeTCA CBASAHHBIM C KaPOTHHOWaMH, 
aero @uTObHaA IWenoukKa —C JAHMOMAAMH. 
V3 KOHWeHTpupoBaHHoro pacTBopa B TeTpo- 
neitHom adupe YKCTpakT MHIMeHTOB JIMCTA C 
JIMNOMMaMH OCaxKaIcA Ha CJMOMAHbIC MW1aC- 
THHKU KOHJeHCaTOPa HJIM MIaTHHOBbIe IIeKT- 
pomp ayelKu PoTOCOMpOTHBIeHHA. Y janenne 
PacTBOpUTeA CYWIKOH MpOHSBOMMIOCH Ha 
Bo3yxe WIM B BakyyMe MIpH 20°. OnbiTel 
noKa3aIM, TO MOsy4eHHbIe COM OOHApyxH- 
BaloT y2Ke Ha BOSAyXe 3aMeTHYI0 tboTOMpoBo- 
JIMMOCTb HM (poTo-9. I. C. Tak Kak 93TH CJIOH 400 500 600 700 = 800m 
Ha BO3fAyxe MOBep2KeHBI tboTOXuMH4eCKOH A= 
peakKUMH OKHCJIeHHs, TO Tepe, H3MepeHHEM pyc, 2. CnexTpadbHoe pacnpesesente 
(pOTOTOKOB oOOp asitbl BbIeEpRUBAIUCh HeEKO-  (poTo-9. 0. C. BMHKPOKpHCTaax XJ0- 
Topoe BpeMA B TeMHOTE H TOKO 3aTeM Tlog- pobrina (a+ b) 4 xnopopuana (a) 
Beprasucb KpaTKOBpeMeCHHOMY MOHOXpOMaTH- Bua ME 
ueCKOMy OCBeeHHIO. CJIOH, HaHeceHHbIe Ha 
IlvlaTHHOBbIe 3JIEKTPO/JLbl OUMCaHHOM BBIMe AveHKH (POTOCOMPOTHBeHHA, 1atoT 
(poTOTOKH MopAaKa 10-22— 10-13 a npu MpHsomweHuN K 31eKTPOAaM 100 B. 

B otauune OT Ccl0eB OJHOTO xmopodussaa (a + b), AA KOTOPEIX BpeMA pe- 
yakcalluu (pOTOMpOBOAMMOCTH COCTABAACT HeCKOJIbKO MHHYT, CoH xJopopussa 
BMecTe C KapOTHHOWaMH HU wunonpoTev quo dpakuneli OOHapyKHBaioT Ma- 
lyO HHEPIMOHHOCTb dbototoKka. J|HTe/IbHOCTb HapacTaHua (oTOTOKa y 9STHX 
o6beKTOB Oblia KOpoue CeKYHABI. [lpu BEIKNIO“eHHH OCBeILeHHA (pOTOTOK pesko 
nonmxasica u uepes 5—10 cek. nouTH HocTural Hysas. [IpH HU3KHX yPpOBHAX 
ocpemeHua (10—50 1k) CTallMOHapHbIt POTOTOK MpONOpMMOHaeH OCBEIICH- 
nocTu.Ha pic. 3mpHBeeHbl CNEKTPbI (poTOMpOBOLUMOCTH LA LBYX COB SKCTP aK- 
TOB MHTMeHTOB JIMcTa C JIMMOMaMA M3 ABYX pacrenuit. Ha puc. 4 aun OHOrO 
3 9THX COB IIpuBeeHbI CMeKTPbI (poTo-3. A. c. Ha BOsAyxe M B BaKyYyMe. O6- 
pamjaeT Ha ceOa BHUMAHHe, "TO cieKTpaJIbHble MAaKCHMYMbI_ B OCHOBHOH 
mlogioce doto-9. A. c. H (bOTOMPOBOAMMOCTH PaCMOMOAEHDI y 710—720 mp, 
yTO yKa3bIBaeT Ha NPHCyTCTBHe B BLITAKKe MMIMeHTOB JHCTa XJOpopuia B 


KpucTanmuueckoli cpopMe. 
16 DAH, r. 136, Ne 5 


Pomo0-3.0c 
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SacJy2KHBaeT BHHMAHHA TakxKe TOT (pakT, 4TO B 9THX CHeKTpax MaKCHMYM 
420 mu B 3—5 pas pute MakcuMyMa 720 mu. Tloqo6HOTO COOTHOMICHHA BbICOT 
MaKCUMYMOB (PoTO-9. J. C. (HM CbOTONPOBOAUMOCTH) B CJTy4ae BHIeeHHOTO xJ10- 
pounia He HaGMoqaeTcs. OueBuqHo 9T0 OTMMUHe BBI3BAHO IIPHCyTCTBH- 
€M B 9KCTpakTe JIMcTa B-KapoTuHa, (oTOS/IeEKTPU4YeCKad UYBCTBHTCIbHOCTh KO- 
TOPOrO JIeXKUT B CHHEe-PuOMeTOBO OONacTH cieKTpa. 


Pomonpobodumocme 
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Puc. 3. Cnextpambyoe pacnpeyenenne oto. Puc. 4. Cnektpaibyoe pacmpeyemenue boto- 
TPOBOAHMOCTH B 9KCTPaKTaX MMIMeHTOB JIH- 9. JL. C. BCaOe SKCTPakTa NHTMeHTOB JINCTAa (2KaC- 
CTa C JIMNoMpoTenqHOH dbpakuHeli XJOpO-  MHHa) C AunompoTenzHoli bpakuneli xJlopomJlac- 
T1acToB. / — 43 THCTBeB KpanNHBbl Ha Bo3y- TOB. /— Ha Bosfyxe, 2—B BakyyMe 

xe, 2— u3 JIMCTBeB 2KaCMUHAa Ha BOsayxe 


OmnpeyeneHue 3Haka HocuTene;i fboToTOKa MoKa3aui0, 4YTO, KaK MB calyyae 
O]THOTO xJopodusta, B CJIOAX U3 IKCTP arMpOBaHHblx IIMTMCHTOB JIMCTAa C JIMMOU- 
WaMu B oOONacTH O60ux MaKCHMYMOB (qpoTo-9. 7. c. 720 u 420 MU HOCHTeIM 
(OTOTOKa 3apsxKeHBI NONOKUTEDHO. 

ABTOPbI BbIpakaror rilyOokyto GnarogapHocts npod. J. V. CanoxHuKOBy 
u V1. A. Tonosoli 3a usroropnenne MipelapaToB xJOpodua HW 3a WeHHBIe co- 
BeTHI. 

Iloctynuao 
28 XI 1960 
UMTHPOBAHHAS JIMTEPATYPA 

18}. 1B. Biperarg cen. A. iH. Tepeuuu, JAH, 81, 2923 (1951) he Seabee ane 
cTurHees, Jloxr. quccepranua, Wucr. 6voxumun AH CCCP, 1956. 3A. N. Tere 
Mae... Kern tissenic 0,I. A.Akimov J. chim. phys., 54, 716 (1957); Disc. Fa- 
tad. Soc., No 27, 83 (1959). 4 A. N. Teren in, E.K. Putseiko, J. chim. phys., 
35, 681 (1958). 5 E. K. Ily mei xo, MAH, 124, 796 (1959). ®R. Nelson, J. Chem. 
Phys., 27, 864 (1957). 7 W. Arno] d, H.Macley, Brookhaven Sympos. in Biol.. 
Ne LST, (1958) se ig eae el berg, J. Opt. Soc. Am., 48, 581 (1958); J. Chem. Phys., 
31, 238 (1959), 9 BE, K. Ty neiixo, JIAH, 67, 1009 (1949); Mss. AH CCCP, cep. cbus., 
16, 34 (1952), 16m ya Cobs, A. Holt, E.R abinowitch, J. Chem. Phys., 22, 142 
(1954), 2 EJ acobs AnH ote et al., Arch. Biochem. and Biophys., 72, 495 (1957). 
1226 


eS 


i 


Jlokxaynp AkayeMunm Hayk CcCccP 
1961. Tom 136, Ne 5 


BHOXHMHA 


A. A. KPACHOBCKHUH, M. H. BbICTPOBA u A. Jl. COPOKHHA 


®PAKUMOHHPOBAHHE PASJINUHbIX NMEMEHTHbBIX ®OPM 
B FOMOFEHATAX STHOJIMPOBAHHDIX WH OCBEUWIEHHbIX JIMCTbEB 


(ITpedcmaeaeno axademuxom A. H. Tepenunoim 26 VIII 1960) 


B paGotax Hatlel maOopaTopHu C MOMOUIbIO CMeKTPaJibHbIX H cboToXHMH- 


© yecKHX MeTOJOB ObIIM OOHAPyKeHEI B JIMCTbAX PacTeHHH pas/M4HbIe (PopMBI XJI0- 
 podusisia, oTMMUAIONMeCA MO CHeKTpaM MOrJIONeHHA H (biryopecleHIHH H CKO- 


« 


pocTH LeCTpyKTHBHOTO POTOOKHCJIeHHA (1-8), Ilyrem qumTebHoro WeHTpudyru- 
popanua np 25 000 g romoreHaTOB U3 JIMCTbeEB CaxapHOM CBeKJIbI H JPyrux pac- 
TeHUH YAaOCh YaCTHYHO :pakUMOHHpPOBAaTb CopMbl XJOpopuNa, passnuato- 
WMecd MaKCHMYMaMH MOPJIOUIeEHHA MU CBA3AHHbIe, MO-BUMMOMY, C PasJIM4HbIMU 
KJICTOUHBIMM CTPyKTypamn (*). 

B SsTHOMMpOBaHHBIX JIMCTbAX pacTeHUll comepxKaTcA PopMbl MpoTOXsOpo- 
(pusiia, pasiM4aroulHecs 110 CBOer (POTOXUMHMYECKOH AKTHBHOCTH: aKTHBHAA (pop- 
Ma C MaKCHMYyMoM dbulyopeciieHiMM MpH 655 My M MaslOaKTHBHAaA C MaKCHMYMOM 
np 635 mp (°). Mm cooTBeTcTByloT (bopMbI C MaKCHMyMaMH NOTOUeHHA IPH 
650 u 630 mp (°). 

Stu PopMbI MpoTOXMopodusia MBI HaGOLaIM TakxKe B TOMOTeHATAX STHO- 
JIMPOBAHHBIX JIMCTbEB, IPHTOTOBJIEHHEIX B TeMHOTe, TaKWe TOMOPEHATH! coxpa- 
HAIOT CHOCOOHOCTh K OOpasoBaHHIO XMOpodHa Tp OCBeLLeHHH (*). 

Cmur (*) clleman NOMbITKy BBIJeIHTb WHAMBHLyaJIbHOe MIpOTOXJOPpOMu- 
6eNKOBoe CoeIMHeHHe — «MpOTOXJOPOMUNA-TOMOXPOM» H3 TOMOFeHAaTOB STHO- 
JIMpOB@HHBIX JIMCTheB TyTeM CTYMeHYATOTO OCaKACHHA cyJibtaTOM aMMOHMA UW 
jpo6Horo WeHTpudyrHpoBaHnua. TlonyyenHprt B ero paOoTe «rosOxXpoM» Med 
MojeKyAApHBI Bec NopsiKa 10°(aBAAACh CHJIbHO arperHpOBaHHbiM 6es1KOM), 
o6lalasl MaKCHMyMoM Tlorsiomjenusa OKO 640 My H Coxep»xKal, NO-BUAHMOMY, 
KaK aKTMBHY1O, TaK M HeakTHBHY1IO (OpMbl MpoToxsopomussa. 

C wenbio u3yY¥eHUA MIpHposbl pasHbix PopM IpoTOxJopodua HU MepBHYHO 
o6pasoBaHHOrO XJOpodusa B STHOJIMPOBAHHbIX H OCBeINCHHbIX JIMCTbAX MBI 
clelasu MONbITKy UX PpakUMOHMpOBaHUA MyTeM CKOPOCTHOTO IeHTPUyrupo- 
Banus. [lia cyKMeHMA O XHMMYECKHX PasJIMYHAX MHTMCHTHDIX (bopM u3y4aacb 
KMHETHKa UX TIpeBpallleHuA TPH OCBeILeHHM MapasileIbHO C xpomaTorpaupo- 
BpaHveM Ha Gymare MMIMeHTHBIX 9KCTPaKTOB. 

MPpakKwHoHHpOBaHne. SruomupoBanuple sucTpba (0,5 r) 10— 
12-nHeBHBIX pactenull cpacomu copta CeBepHas 3Be3a THLaTeJIbHO pacTupalH 
B cTyKe c 20 Mui OxJaxKeHHOTO LO 0° doccbarHoro 6ydepa (pH 8,5), OMKAMAIH 
yepes TMOJOTHO H WeHTpudyrupoBadH 3000 g 5 mun. Hamocafounylo *xKuI- 
KOCTbh WeHTpudyrupoBaIH Hy2KHOe BpeMsA (oT 5 no 60 mun.) npn 25 000 g ua 
weutpudyre MSE c oxaxkKqeHHeM (oKosio 0°), Mocme Yero HasocafO4HbIH CJIOM 
pasOaBAH PIMIepHHOM B oTHomeHHH 2:3 WM 3aMOpaxKHBaJIM MOrpy*KeHHeM 
B 2KMIKMH agoT C HelbIO (PUKcallMn. } 

Bee oncaHHbie OlepallHi MpOHSBOMMJINCh B MOJIHOH TEMHOTE, YTO TpedoBaso0 
oco6oll TeXHUKU OMEITOB. CrekTpE uyopecteHIHH 3aMOPOMKCHHDIX Oy(pepHo- 
PIMUEPHHOBbIX pacTBOPOB (bororpapupoBasiu Ha yCTaHOBKe, ONMCaHHOM panee 
(*), Ip Temnepatype HWKe _-100° c TeM, 4TOObI H3G6ex%KAaTb NpeBpallenuA TMHr- 
MeHTOB TIpH jlelicTBHH BOsOy%Kaloulero CBETA. 

15* S228 


H3Mepenve KHHeTHKM OcaxKeHHA pa3sHbIxX opM MpoToxsopoduana MpoBo- 
AMJOCb B OMbITAX C PasHOM MPOMOMKUTEMbHOCTHIO LEHTPHPYrHpoBaHHsA Cc oTo- 
SJIEKTPHYECKOM perucTpalven dsyopecileHuuA. : 

OnbITbl NoKasaiu, 4uTO dopMa mpoToxsopopuana c dayopectenuuei npn 
655 mu ocegaeT ckopee, Oyqy4H cBA3aHHOM c Oomee KPYNHBIMM KseTOUHDIMH 
CTpykTypamu, 4em dopa, dsryopecuupyrouaa 
mpH 635 mu (pue. 1). 

B3My4nuBaHne ocalKa B OTIeHTpudyrupo- 
BaHHOM TOMOFeHaTe IIPHBOAMO K BOCTpoH3- 
BeJCHHIO HCXOAHOTO COOTHOMeHHA dopM, 4TO 
ABJIAJIOCb KOHTPOJIEM HA BO3MO?KHOCTb IIpe-~ 
BpalleHHA AKTHBHOM COpMbI B Uporecce MoL- 
POTOBKM lpenapaTa uw WeHTpHdyrupoBanua. 

KuHeTHKa M3Me€HeHHA Ma@KCHMYyMOB (ps1yo- 
PecIleHIIHH B HalocayqouHOn AUAKOCTH B MIpo- 
mecce WeHTpHdyrupoBanua (cm. puc. 2) aer 
MmpeqcTaBJeHHe O OOIbUeH CKOpocTH OceqaHuA 
AKTHBHOH |POpMbI MpoToxopoduasa («bopma 
2 655») lo cpaBHeHMIO C MaJIOaKTHBHOI cbopmoli 

ee («opma 635»). 

CkopocTs oceqaHusat CHJIbHO 3aBucuT oT pH 
O6ydepHoro pacTBopa, yBeIMUMBasCch IpH MpH- 
OWKEHHM K H303JIEKTPH4eCKOl TOUKe GemKa. 
Tak, npu pH 4,5 o6e nurmenTupie (ppakiun 
OcCakKTaloTcA MOUTH NOJHOCTHIO yxKe 3a 20 mMuH. 
WeHTpudyrupospanua. 

Bpwl0 HalijleHo, YTO MPH CKOpOcTHOM 1eH- 
TpHpyrupoBaHuM OCBeMeHHBIX TOMOFeHaTOB, 
COMePARAMAX PasJIM4HbIe CbopMEI MepBU4YHOOOpasoBaHHOro xJopodusma (c MaK- 
CHMyMamMu dayopecuenunn npu 688; 684 y 680 MU), STH (CopMbI oceqaroT 
Ckopee, 4eM OCTABIUIAaAca HeMpeBpalleHHoH ManOaKTHBHaAa (bopma lpoToxsopo- 
usa (puc. 3). Co6cTBeHHO, 3Toro u CELOBANO O*KUTAaTb, TAK KAK H3 AKTHBHOM 
(bopMBI MpoToxopodusa («copma655»), 
CBASAHHOH C OBICTPO ocenaIolluMH (ppaK- 
WMAMH, OOpasyeTca nepBUYHEI xopo- 0 
Pus. 50 

OcTaBavica HeaACHBIM Borpoc, uem on- 80 
PCHCAIOTCA PasIM4HA B(popMax MpoTo- 79 
xNOpopuaa  nepBuuHoro XJOpopus- 0 
Jia — pa3HoH XuMMUeCKOH Npupozou 59 
(Hanpumep, duTombHbIe u OectuTombHBIe 49 
(POpMBI) WIM cnoco6om cBa3H c mHNO- 30 
IIpOTeHHoM. 

Yro6nl cyquTh 06 STOM, MBI IIpoBe- 
JIM MOCJ€1OBaTeIbHbIe H3MepeHHA creK- 
TpoB dlyopecuentuu STHOJIMPOBaHHbIx 
JIHCTbEB NO Mepe MX OcBeleHHA, mpo- 


oP 655" 


a 2 ie ee 
720 700 680 ee: 640 620K 


Puc. 14. Muxpodotorpamst CMeKTPoOB 
(bayopectieuuHH Tromorenata 93THONH- 
POBaHHBIX JIHCTbeEB Jo (/) H mocae (2) 
yacoBoro WeHTpHyruposanua, pH 8,5 


en ihT 8TH 60 50 120mun. 


Puc. 2, Kuneruka oceganua «opMbi (655» 1 


BOAA MapaJIebHO 3TOMy Xpomatorpa- 
(PupoBaHne Ha Oymare TIMTMCHTOB, BBI- 
ACIACMBIX W3 JIMCTbEB Ha pa3HbIX cTa- 
MAX OCBelLeHHA. 


«popmpt 635» B romorenate STHOJIMPpOBaHHbIX 
JHCTbeB IPM CKOPOCTHOM WeHTpudyrupo- 
BaHun (25000 g) 


B o6meH cxeme onpita HHTePBaJIbI OCBEMICHHA STHOMMPOBAHHbIX JIMCTbHEB 
Obiw 5 uw 15 cex.: 5, 15 u 30 MHH.; 1, 2 u 4 vaca (ammbI AHeBHOrO cBeTa, HHTeH- 


CHBHOCTh oOKOJIO 1500 sx). 


0,2 r aMcTBeB ucnomb30BaNN AA IPHrOTOBeHHA ToMoreHata u dotorpadu- 
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KOHUeHTpalluH NyTeM BbINAapHBaHuA SPUPHbIM PaCTBOP HaHOCHJIM y3kol movloc- 
Koli Ha OyMary (seHuHrpamcKan OpicTpas) H XpomaTorpaupoBasv B AByX Ba 


puanTax pacTBoputesel — cmecu Vomnesa Axys10Bu4 
85 yacreli; nerpouelinprit sup 25; alleTou 35 
(11) (netponeitupii adup 30, cepHbli 
0,5 uacru). Kpacnyio dayopectleHimio moc Ha- 


nepatypo Kunenus 80—115° 
vu uszolponavon 4 uactu) usu Jledrepa 
sdup 30 u STHOBLI CNUpT 


(°,1°) (6eH3HH C TeM- 


6m0saiM pv Bos6yxKTeHUM JIMHUAMH PTYTHOTO CmeKTpa TPH 365 my. O KosH- 
uecTBe IIMrMeHTa HM KMHeTHKe ero MpeBpamenuit CyqHM MO MHTeHCHBHOCTH 


bnyopecteHimu (u3sMepeHHon (poTOSIeEKTpH- 
YeCKH) aIleTOHOBbIX 3/110aTOB xpomaTorpagu- 
yeCKUX 30H, BbIJeJIeMbIX H3 JIMCTbeB Ha pas- 
HBIX CTaquax ocBemjeHua. IIpu dukcupoBaHun 
3THOMMPOBAHHbIX JIMCTbeB KPaTKOBPeMCHHBIM 
HarpeBaHMeM B KHMIAIMeH Boe WIM OXxJaxKTe- 
HHeM B3KHIKOM ag0Te ObLIM MOJyYeHbI CxO]- 
HbIe pesyJIbTaTHI. 

B 9kKeTpakTaxX STHOJMPOBaHHbIX JIMCTbeB 
Ha6molanuch [Be Apko dvryopectupyronre 
Xpomatorpaduyeckue 30HbI: HHAKHAA, Pacmo- 
ylaralomlascd HemocpeqcTBeHHO Haj JIMHHeH 
HaHeceHuA, WH BepXHAA, Oomee KOMMAKTHAA, 
BOmu3H poHTa pacTBopHTesaA. CnekTpasibHo 
o6e 30HbI ufeHTuuHEI. Ha puc. 4 mpeycTas- 
JeHbI CeKTpE dstyopeciienuHH [alleTOHOBbIX 
3110aTOB YKa3aHHbIxX 30H. 

Tpu o6pa6orke xpomatorpamMM 0,02 N KOH 
HWKHAA 30Ha (IIpHHawekalllad, MO-BUAMMO- 
My, lpoToxsopodusinty — 6ecUuTOJbHOM 
cbopme co CBOGORHEIM KapOOKCHJIOM aah )) 
BLIMBIBaIacb — (pylyopectieHIMA 9TOH SOHDbI 
ycuegaia, Tora Kak (styopecileHin A BepXHei 
30HbI OCTaBaslacb Hev3MeHHOH. Take BbIMbI- 
BaeTCA WeloubIo OOpasylonladcaA BIOCeL- 
CTBUH 30Ha XJOpowuHa. 

B cnextpe dsyopectleHiMH STHOMPOBAaH- 
HbIX JMCTbeB MaKCHMyM 655 ML, NpHHasie- 
*Kalluli AKTHBHOM copMe MHIMeHTA, ABIACTCA 
OCHOBHBIM; KOJIMNeCTBO MpoTOXJOpoduMAa 
B HeOCBeLICHHEIX STHOJIMPOBAHHBIX JIMCThAX|B 
HECKOJbKO pa3 IIpeBbIMaeT KOM4ECTBO MPOTO- 
xmopodusma. Tloce 5 cek. ocBeilleHiA MaK- 
cumym 655 mp B criekTpe 3aMeTHO yMeHbUaeT™ 
ca, KOJMYeCTBO MpoTOXsJopodussa ocTaeTcA 
6e3 U3MeCHEHHA, KOJIMYECTBO TpoTOXJOpopH- 
jiufla TaK7Ke HECKOJIbKO YMeHbLIAeTCA. 3a 93TO 
BPeMA OCBeEIeHHA B JIMCTbAX xpomatorpapu - 
yecKH OOHAapyxXuBaeTCA XNOpOpUWINA, Pac 
Tomaraouluiicd BLINe 3OHbI MpoTOXopodust- 


»P-588" 


535” 


720 700 680660 B40 6 20mpe 


Puc. 3. MuxkpotboTorpaMMbl CieKTPOsB 
(pnyopecieHHH OCBeULeHH DIX romore- 
HaToB wHcTbeB. A — romoreHaT, CO- 
jepxKawlni nepBHYHbI xXJopopuss 
c maKcuMymom (pulyopecueHiHH | 688 


/ Mu (tocme 3 CceK. ocBemeHua); 5 — 


romoreHaT, comepxKannit nepBHYHbI 

XMopopus Cc makcumymom £680 MB 

(rocne 1 MHH. ocBellleHHa);_/ — 0 ¥ 

9—nocne wexTpHpyrHpoBaHiaA MpH 
25 000 g 


juga. STO COOTBETCTBYeT MOABMEHMIO B CHEKTPC (prryopecileHWMH JIMCTbeEB MaK- 
a 


cumyMa mpH 690 mu. 


[locate 15 ceK. ocBellleHud 30Ha MIpoToxopoulaza yMeHbiaeTcs TIpHOIH- 
BHTeNIbHO BBO, KOJIMUECTBO XJOPOHUIHIa YBeIHYHBACTCH, comep2kaHne Mpo- 
Toxuopodusa ocTaeTcA Oe BUAMMBIX u3MeHeHul. B To 2#*Ke BpeMA B CrieKTpe 
bryopecleHIMH JIHCTheB MaKCHMYM 655 mu 3a 15 ceK. ocBellleHHA WeHKOM HC- 


yegaeT, a MakcumyM r1pu 690 


MU BO3spacTaeT. 


B Teuenue 5 MHH. OCBeIeHHA MpOHCXOAUT JlauibHeliee MOHMKEHHE COMep- 


?KaHHA TpoToxopopusiuza HW COOTBETCTBCHH 


O STOMY 3HauHTebHoe BOSpacta- 


Hue KouMuecTBa xopodpussusa. B cieKtpe (paryopeclieHWMH JHCTbeB 3a STO 
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BpeMA = OCBEINCHHA  OOHAPyxKMBaeTCH MHTCHCHBHbI MaKCHMyMOM mpu 
690 mu. i 

Bovlee AIMTeIbHOe OCBeNIeHHe IIPMBOAMT K Ja/bHefMIeMy yMeHbUIeHHIO 
MOYTH MOJIHOMY WCYe3HOBeHHIO Ha XpOMATOrpaMMaX MovOc, NpHHaqexkamnx 
MpOTOXNOpopUINAy, MpoToxopopussy, xopodbusnuqy, u kK YBeJIMYeHHIO 
KOJIM4ECTBA XJOPOPua, YTO COOTBETCTBYeT CABUry MaKCMMyMa (pulyopecieH- 
IMM B KOPOTKOBOJIHOBy!0 CTOopoHy — 0 684 mu (nocae 1 uaca ocBemleHua wHC- 

, TbeB) H 682—680 mu (nocue 4 uac. ocBente- 
omnea 9198 HHA JIMCTbeB). 

OTH Pe3yJIbTAaTHI COOTBETCTBYIOT LaHHbIM 
Boupda u TIpeite (17), Toquesa, Uapika 
c cotp. (**, 4), Bupruna (1°) 0 Tom, uto 
ObIcCTponpeBpanlaioulasicsa cbopma IIpOTo- 
XJOpOPusa HW NepBHYHO O6pa3s0BaHHblii 
XJOPOPHI ABUAIOTCH  GOecduTOMbHEIMU 
COeMHEHHAMH. 

B jabHeliiiem Tpe6yrotca yrouHenusie 
‘KOJIMYCCTBEHHBIE + H3MepeHHA KMHETHKH 
P.IyOpecHeHIMM JIMCTbeB H 30H Ha XpoMa- 
TOrpaMMax B Tipolecce 3eeHeHHA. 

PesybTaTbl MCcCeOBaHUA MOXKHO pe- 
SIOMHPOBaTb CJIeLYIOWIHM OOpasom. AKTHB- 
Had dopma mpoToxsopodusaa («cbopma 
655»)  cBexkeoOpa30BaHHoro xJOpodu- 


600 ou! i OT a («popma 690») B romorenaTax sTHoOsH- 


POBaHHBIX 4 OCBeLTCHHbIX JIMCTbeEB CBA3 aHbI 
HOBBIX PaCTBOPOB mMpoToxopopusaugza © OOJee TAKENBIMH KJeTOUHBIMU CTPyKTy- 
(1) 4 mpoToxsopodussta (2), xpomatorpa- PpaMH, 4em MalOaKTHBHad (opMa mpoTo- 
(uyeCKH BbITeIeHALIX U3 3THOMHPoBaH- xmopodunsia («bopma 635»). Tlonyuenupie 


Puc. 4. Cnexrppr cbryopecuenmun aueto- 


pry able a AaHHble CBUJCTEIbCTBYIOT B HOJIb3y mpel- 


NOJOKeHUA, YTO «aKTHBHAA (bopMa» c 
MaKCHMYMOM styopeciienunH 655 mu MPHHAWJIeKHT O€/1KOBO-JIMMOMLHOMY 
COCHHMHEHHIO MIpoTOXJopodusnuga, Tora KaK MasoaKTuBHad (bopMa c MmaKkcu- 
MYMOM IIpH 635 My, BeposTHO, mpeyctaBseT Cobo; CMeCb NpoToxsiopodussa uv 
MpoToxJopopunsinga. Teppuunas cbopMa xsopoduana c MaKCHMYMOM TIpH 
690 Mu, 10-BuuMomy, IPHHAWIeKUT HesTepHpulMpoBaHHOMy IIpOAyKTy, TO- 
ra Kak «opma 680» sBaseTca «OOBIUHEIMy XJIOPOMHJIIOM. 


Muctutyt 6voxumun um. A. H. Baxa Toctynuso 
Axayemun: wayx CCCP 20 VIII 1960 


Mockosckuit TocyRapcTBeHHbili yYHHBepcuTer 
uM. M. B. JIlomouocosa 
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E. WH. KY3HEL, B. C. WIALIKOB, JI. C. TEP-BAPTAHAH, M. H. MPEOBPA)KEHCKAS, 
H. H. CYBOPOB, T. 1. CbIMEBA u M. H. WYYKHHA 


O PA3JIMUNN JEHCTBUS HEKOTOPbIX HHTHBUTOPOB 
MOHOAMHHOKCHAA3bI IN VITRO H IN VIVO 


(IIpedcmasaexo akademuxom A. H. Baxyaesoim 22 VIII 1960) 


B mocnemune rosbl Sosbuloe BHUMA@HHe yeJIAeTCA BelleCTBaM, BAMAIOUIMM Ha 
OOMeH OMOreHHBIX AMMHOB B OpraHH3me YeJIOBeKa HM KHBOTHDIX Ciao ea: 
Cpefu Takux BelllecTB ocoGoe 3HaveHHe TpHoOpeIM alKaOuAL payBouEpun 
M HHTHOMTOPHI epMeHTHBIX CHCTEM, OTBETCTBCHHBIX 34 MeTaOOH3M pa3JIM4HbIX 
AMMHOB, OOaarollHx BbICOKOM 6HoONOrH4eCKOH AKTHBHOCTHIO. 

B HacTosiee BPCMA YCTAHOBJIEHO, YTO aJIKAaOU Ab! payBouLpuH c celaTHuB- 
HBIM JeHCTBHeEM CHW2KalOT yYPOBeCHb AaMMHOB TlaBHbIM 06pa30M B TOJIOBHOM MO3- 
re, C 4eM B H3BeCTHOM Mepe CBASbIBAeTCA Me€XaHH3M UX TP aHKBHJIM3Hp ylolllero 
menerena (7,1°,**,?°). 

B MpoTHBonooxKHOCTh HM MHIMOMTOPbl AMMHOKCHAS TIOBLIMAIOT YPOBeHb 
6uOreHHBIX AMHMHOB B OpraHu3Me BCJeICTBHe TOPMOKEHUA UX OKMCAMTE_HOTO 
jlesamunupoBanusa (11,14,1°,1°,°°,%*). 

TlockompKy MeTaGo/Iu3M MHOrHX aMHHOB HemocpeACTBeHHO CBA3aH C MOHO- 
amuHoKcuma3zoi (MO), 3HauHTeJIbHBIH uNTepec MpeAcTaBAAIOT WHIHOUTOPHI STOTO 
3H3Ma. 

Axrusnocts MO in vitro TopMo3suTca pAOM OpraHHyecKux H HeopraHu- 
yeCKUX COCIMHeHUI, K UMCY KOTOPbIX OTHOCATCH AMMHBI (peHamuH, sdeipuyH, 
rapMaJIMH, rapMuH, aMHMHbI TyaHHIMHb!), MpOMsBOAHBEIe THApasMHa (um1po- 
HUa3HL, deHMITusApasHH), Kpacku (meTHJIeHOBax CHHb), CyIb@ru{pHIbHbIe CO- 
eMHeEHMA M peareHTb! Ha Cy/IbrvpHbHylo Ppyiily (THOrIMKOIeBaA KHC/OTA, 
fioflalieTaT), PJ, MeTaJJIOB’B OOJbUIMX KOHIeHTPaluAx H peareHTOB Ha MeTAaJI- 
pr oe, ’, 7). )- Omnako Mo. HewaBHero BpemeHH adpeKTHBHEIMU WHTHON- 
Topamu in Vivo CUMTaIHCb TObKO HEKOTOPBIC HS TlepeuHCIeHHBIX BelecTB, B 
TOM UMCJIe HIPOHHasHL. 

Cpequ CHHTeSMpOBaHHBIX B JlaibHeliiem HW (pPapMaKOJIOrHYeCKH HCIIbITAHHBIX 
BellleCTB MOfOOHOrO JleficTBHA OOHAapy2KeHbI Mpemapathl, TIpeBocxosmlMe HMpo- 
Hua3HL KaK MO CKOpOCTH HacTynuleHuA sexta, TAK HHO cTeneHH TOPMO*KeHHUA 
MO 89 12 18). 

Hamm B onpirax in vitro u in vivo u3y4eHo BMAHMe Ha akTHBHOCTb MO mecTu 
MHTHOMTOPOB anHoro (epMeHTa. 

Metogzuka onbToB.B kauectbe ipemapata MO 6piiM MCIOJIb30BaHbI 
JMOPHM3OBaHHbIe MATOXOHAPHH TedeHH 6enpix Kpbic. [leweHb %KMBOTHBIX TOMO- 
TeHH3HPOBasacb B CTeKJIAHHOM romoreHusatope Ilorrepa — QupBereMa Ha XO- 
Tony ¢ 9-KpaTHEIM OObemMoM PpacTBOpa, cofepxamero Ha 100 Ma 0,9% KCl, 
12 ma 0,1 M coccatuoro Sydepa (pH 7,4), 1 ma 3,82% pactTBopa MgsOa: 
. 7H.O u 430 mr sTHeHqMamuHTeTpaalieTata Hatpua (Bepcena). [lomyyeHHbi 
TOMOreHaT JBaxKIbI WeHTpHpyrupoBasH, MPU 1000 g B TeueHHe 5 MHH., JA OT- 
JleIeHHA KPYNHBIX KJICTOUHbIX o6uiomKoB. MuToxoHapHu ocavkiaiucb MYTEM 
MOBTOpHOrO WeHTpUdyrHpoBaHuA IPH 10000 g B TeueHHe 10 mun. OcayoK cy- 
CHeHLUpOBasIcA B HeOOJIbLIOM OObeMe AHCTHJIJIMpOBaHHOM BOAbI H JMOC*pUIM30- 
BaJicd H3 3aMOPOXKeHHOTO COCTOAHHS. 

OQueuKa MHTMOupyrolmlMx cBOlCTB MpellapaToR TIpOBOAMIach NO CTemeHH 
ataxyemoctH MO crtaHjapTHoro cyOcTpata — TpHnitamHna xopruipata B 
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IPMCYTCTBMM M Oe3 HHrHOUTOpa. MHruGuTOpEI u cyOcTpaT Opauucb B SKBUMOVe- 
KYTAPHEIX KouMyecTBax (6 WM) wa 10 mr npenapara MO. 

O6 axTuBHoctu MO CYHMJIM 10 KOJIHYeCTBY aMMHaKa, OCBOOOxKarolleroca 
B pesyJIbTaTe esaMMHUpPOBaHHA TpuNTaMuHa MpH ero HHKYOMpOBaHuN C MUTO- 
XOHIPHAMH, @KTHBUPOBaHHBIMH TPeXKPaTHbIM 3AMOPaKUBAHHeEM MU OTTaHRA- 
HHeM, B TeyeHue 1,5 yac. B cboctbaTHoM Oydepe B aTMocdbepe KUcMOpora IIpW Tem- 
nlepatype 37,5°. Ammuak onpegensavcs AuppysHbim Metoyom Konpes cbotoKono- 
pumetpuyecku (2). 

OdekTHBHOCTE HArHOMTOpOB in vivo onpezenamach mo HX CHOCOOHOCTH 
MpeAyMpexlaTb pasBuTue Jempeccuu, nTo3a u AMappew y MbilleH, HHLyUMpye- 
MBIX BHYTPHOPIOUIMHHbIM BBeleHHeM pesepmuna (4 mr/xr). 

OnbiTs! nocTaBeHEt Ha 180 Genpix MpIuax. OTJeJIbHEIM TpynaM %KHBOTHEIX 
PESePIIHH BBOAMICA Yepes PasHbIe CPOKH Moce HHBeEKUUH HHTMONTOpoB. Kon- 
TPOJIDHBIM MbIMIaM BBONWJICA OMH pesepnuH. 

Pes ynEprat em SKCI€PUMCHTOB uw O6cyYKeHKHE. CpabB- 
HUTCJIbHAaA AKTHBHOCTh MHTMOuTOpoB MO in vitro MpelcTaBeHa B Taos. |. 

Kak cueqyeT u3 Ta61. 1, Hau6onee StPeKTHBHLIM H3 YHCIa HCIBITAHHBIX HH- 
rHOMTOPOB B OTHOWeHHU MO neyeny KPbIC OKAa3aJICA &-MeTHJITPHNTaMHH, TouI- 
HOCTbIO TIpeMAaTCTBYIOMM es3aMHHUpoBaHuio TPHMTaMuHa. 

Ta6auua 1 


Bavanue unrn6utopos wa aKTHBHOCTh MO meyvenu Genbix Kpbic 


Yruerenue 
Haspanue unru6utopa aKTHBH. 

P MO (B %) 

a ae 2s aoe, RUE ee 
Xaoprugpar a&-MeTHJITpunTaMuHa 100 
Pochar HSONPONHITANpasv a H3OHUKOTHHOBOH KUCOTEI (umponuva3sng, Mapcusuy) 60 
Tluxnoprunpar N-nsorekcuarngpasuga H30HHKOTHHOBOH KUCJOTBI 75 
N-us06yTumrugpasny H3O0HUKOTHHOBOM KHCOTEI 50 
Xoprugpar (beuuausonponusrugpasuna ay) 
Tuxaoprugpar {-usoHMKoTHHMA-2-((beHuaUsONponHa)-ra_pasuHa 20 


Bplcokas HHrHOUpylomlasd aKTHBHOCTE BLIABJIeHAa Take y N “H30reKCHJIN Ip a- 
3Ha H3OHHKOTHHOBOH KHCJIOTHI. N-vs06yTuarHgpasny H3OHHKOTHHOBOH KHC- 
JIOTHI, (beHuJMsonponuaruApasun HM HMNPOHHasu NO cTemeHH yrHeTenus MO 
HeveHH He WaJiM CyMeCTBeHHBIX pasMuuil. Havmenee akTHBHBIM oKa3alca 
|-HsoHMKOTHHHA-2- (benHANsonponHa)-rAApasHH, 

Takum o6pasom, cTeneHh TOPMOXCHUA aKTHBHOCTH MO neuenu 3aBucuT oT 
CTPYKTYPHBIX OCcOobeHHOCTei; HurHOnTopa. 

JaHHble OnBITOB no BJIMAHHIO YKa3aHHblx uHruOuTOpoB MO Ha aPeKTHI pe- 
S€pmuHa NOKa3aM, 4YTO y Bcex MBIIMeH, TOJYYaBUIHX peseprnH, yepes 20— 
30 MHH. pasBuBamacn HenpeccuA, CompoBoxaiomaaca TITOSOM, JMappeei u 
IIPOrPpeCCHBHBIM CHHKeHHeM Temmepatypbl Ha 10—12—15°. Ha 3 CyTKH u3 
10 2KHBOTHEIX 9TOI} MPYNMbl BbLKMIO 2, c nocTeneHHOT} HOpMaJIH3alHen co- 
CTOAHHA. 

B Tom ciyyae, Korna PesePIMH BBOAMJICH OMHOBpemMeHHO ¢c a-MeTHJITpumTa- 
MHHOM (12,5 mr/Kr B mepecuete Ha OCHOBaHHe), PasBuTHe SddbeKTOB, CBOLICTREH- 
HbIX JempeccaHTy, He lipelylpexjlaqocb, HO 3aNe€pKUBaOCch Ha 3,5—4 yaca. 
BBejenne %-MeTHJTPHNTaMHHa 3a 2 yaca To PesepuvHa 3alepxKUBaO MposBse- 
Hue Jlelpeccuu, ntosa y AWappeH Ha 2—2,5 vaca. Tipu 6onpumx HHTepBaslax 
M@XKLY BBeeHHeM HHTHOWTOpa M pesepnmna (4—24 yaca) cymecTBeHHEIX OTIH- 
4HH B PeaKIMH KHBOTHBIX Ha Pe3sepmvH He oTMeYaIOcD. 

_Breyenve 2xkuBOTHEM HIIPpOHHasuya, N-nsorekcnuiruapasuya H30HHKOTHHO- 
BOH KHCJOTHI, N-ns06ytumrnapasuna HSOHHKOTHHOBOM KUCJOTEI Hu 1-H30HHKO- 
THHHAI-2- (ben rusonponua)-rHApasya m0 100 mr/kr B pacuete wa comb 3a 
I yac jo PeseplMHa MH OJHOBpeMeHHO c HuM ObIIO HeatbeKTuBHbIM. K 4 cyTKaM 
43 24 mpumnett stoij TPylnbl BEDKHJIO 3, 

Mubexuna xe yKasannnx BellecTB 3a 16—18 yac. no pesepnuva compoBox- 
Aalach JerkKum yPHeTeHHeM, HacTymalonluM yepes 1,5—2 yaca nocae BBeJeHHA 
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pesepluHa MH MpOXOANIMM B TeveHHe MepBbIX CyTOK. Ha 2 CyTKH BCe *XMBOTHBIE 
He OTMHUAIMCh OT HHTAKTHBIX. 

SaciyxKuBaeT oco6oro BHUMaHHA deHuMsonponusrugpasua. Mnbexins 
mpenapata B fo3sax 10—25 u 100 mr/xr 3a 18 uac. Ro pesepnuHa MOJHOCTbIO 
npelynpexiaa pasBuTve flelmpeccuu, MT03a, Wuappew M THNOTepMHH, HHLy- 
IMpyembix pesepnunom. M3 30 xXMBOTHBIX OMbITHOH PpyMMbl BCe BbOKMJIN. 

I[pefcraBuleHHble pe3yJIbTAThI NOSBOMAIOT 3aKJIOUNTb, YTO BCe UCMbITAHHbIe 
BeINeCTBA OOAaLalOT BbIPAxXeHHbIM TOPMO3ALIMM JleHCTBHeM Ha MO in vivo, 
pasM4aAch MO CKOPOCTH, CTeMeHH WM AIMTeTbHOCTH adexTa. 

Vis ucnbitaHHbix BetlecTB HaHOovlee scpbeKTHBHLIM HM JIMTeIbHO eliCTByt0- 
ium uHTHOuTopom MO culelyeT Mpu3HaTb PeHHAMSONPONMATHAPasHun. B oruu- 
uve OT HELO, 4-MeTHJITPUNTAMHH ABJIAeTCA CHJIbHbIM MHTHOHTOPOM KpaTKOBpe- 
MeHHOrO JeficrBua. Topmoxenue MO 93THM BelllecTBOM OOpaTuMo. 

OrmeueHHble pa31HuHs B CTeneHu TOpMoxeHuA akTHBHOcCTH MO u3y4eHHbIMA 
BellecTBamu in vitro u in vivo, BepoATHO, OOYCJIOBeHbI HeEOMHAKOBBIM IIpo- 
HHKHOBeCHHEM B OpraHbl 2KHBOTHOFO HM paciipesleseHuemM MHTMOHTOPOB M0 HUM. 
Tax, yeTanopneno (17), uTo unpoHnasHa HM B-deHHMSONPONMITHApasuH 
(PIH; JB-516) in vivo np cpaBHUTebHO OMMHAaKOBOM TOPMOXxKeHU MO ne- 
ueHH pe3KO OTMMYAIOTCH To cTemeHH yrHeTeHua MO mosra. 

Tlomumo 9kcnepuMeHToB Cc pesepmHOM, B onbiTax in vivo HaMH ObIIM U3y- 
YeHbI HHTHOUPyIOUlMe CBONCTBA HMpOHMasHa HW 4-MeTHJITPHNTAaMHHa Ha MO 
neyeHw GOeJIbIX MbIIUeH. 

Ta6Omanna 2 
Bumsanue uxru6uTopos Ha akTuBHocTb MO nevenu OevbIx MBIineH in vivo 


AKTHBHOCTb 


A Te mpenapata MO 
pemapat N neyeHHu (B %) 


Or WHTaKTHBIX 2KMBOTHBIX 100 
Or XKHBOTHHIX, NOJYYMBIIMX o-MeTHJITPpHNTaMHH 0 
OT 2KHBOTHBIX, NOJYUMBIUNX HNpoHHasuy 0 


OnbITeI NocTaBseHb! Ha 90 2XKHBOTHBIX, PasfeJIeHHBIX Ha TPYIbl TO 30 MbI- 
mei. [leppoii rpyrine Mpiuei BHyTpHOpIOMIHMHHO BBOAMJCA HITPOHMASHA (100 mr/Kr 
B pacueTe Ha COJIb); BTOpoi — %-MeTHJITPHINTaMHH (12,5 mr/kr B mepecueTe 
Ha OCHOBaHHe); TpeTbA rpynna clyxKusa KoHTpovem. IlepBax rpynma 2KUBOTHIX 
Id Tloy4yeHuA mpernapatos MO no onmvcaHHOu BbIllIe MeTOAHKe 3a0UBaJlaCb 
yepes3 21 uac, Bropaa — uepes 4 4aca Mocse BBeACHUA ywHrHOutTopa. OO akTHB- 
HOCTH MO/yYeHHEIX mpenapatos MO neyenu CyAMJIM MO CTeMeHH yle3 aMMHUpo- 
BaHHA UMM XJOpruspata TpHNTaMMHAa B CpaBHeEHHM C aKTHBHOCTHIO lipenapatToB 
OT KOHTPOJIbHBIX MbIeH (Tab. 2). 

Kak BumHo u3-Ta6n. 2, o6a MHTMOUTOpa MOMHOCTbIO NOMABAAIOT AKTHBHOCTb 
MO neuyeuu. 

TlockompKy B OMbiTax Ha MbIlllax 43-34 HeBO3MOXKHOCTH TosyueHuA JOcTa- 
TOUHOTO KONMYeCTBa Hpenapata MO us Mosra uM ApyTHx OpraHopB He yAaslOCb 
Y3Y4UTb BAMAHUA UHTHOUTOpoB Ha MO Apyrux opraHoB, Takue 3KCIepHMeHTE! 
C d&-MeTHJITPHNTAMHHOM OBI NOCTaBJIeHbI Ha Kpomukax (Ta0w. 3). 


Ta6Oauma 3 


Bavauve a-MeTHATpHNTaMaHa Ha AKTHBHOCTb 
MO opraHoB kpovuKa* 


YruereHue 
aKTHBH. MO 
(B %) 


a ee ee 


Iipenapat MO 


{leuenu 50 
Tonospyoro Mosra 0 
CeseseHKi 0) 


* 3 KpoJIHKa KOHTPOMbHDIX H 6 OMBbITHDIX. 
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PesyabTaTbl TAO. 3 NOKa3bIBAaIOT, YTO Yepes 4 daca Nocse BBeEeHUA XKUBOT- 
HBIM 4-METHJITPHNTAMHHa B ose 25 mr/Kr (B pacueTe Ha OCHOBaHHe) aKTHBHOCTH 
MO neveHn cHuxKaeTca Ha 50%. AKTUBHOCTb xe depMeHTAa B MOsre H Cee3eHKe 


He H3MeHseTCA. 

TakuM o6pa30M, TMOJyYeHHble aHHble TMOATBepxaioT M386uNpaTesbHOCTH — 
paciipeseseHHA HHTMOMTOPOB, 3aBHCALLyIO KaK OT BUJa 2%KMBOTHOFO, Tak M OT 
ocoOeHHocTell XMMMYeCKOM CTpyKTypbl MHTuOuTOpa. 
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BHOXHMH fl 


A. B. MEJIBHHK u B. B. APACHMOBHY 


@EPMEHTATMBHOE MOJIYYEHME FAJIAKTYPOHOBOM KHCJIOTHI 


(IIpedcmaeaexo axademukom A. H. Onapuxroim 19 VII 1960) 


[alakTypoHOBad KUCJIOTa, a TakKiKe pa3JIMUHble ee MPOHSBOHbIe IIMPpOKO 
IPHMeHAIOTCA JWI USyYCHHA TeKTHHOBOFO OOMeHA B pacTeHMAX H CTPOeHHA MEK 
THHOBbIX BellecTB. K comaJieHulo, TalaKTYPpOHOBaA KHCIOTAa BCe elle ABMIAeCTCA 
OMHUM M3 JlepuIMTHEIX XHMMUeCKUX MIpelapaToB, MH B CoBeTcKom Corse ee He 
TlOJlyuaror. 

OcHOBHbIM HCTOUHUKOM TalaKTyPOHOBOH KUCMOTHI CJlyKaT MeKTHH HW MeK- 
TMHOBbIE KHCMOTHI. OGLIMHO ee TOMY UAlOT MOCpeCTBOM KUCJIOTHOrO HIM (epMeH- 
TaTUBHOrO TruspomMsa mekTuHa. DepMeHTAaTHBHbIM THApOMM3 aet OOJIbLUIMH 
BbIXOJ, TaJlaKTyPOHOBOH KHCJIOTbI OTYACTH 3a CHeT OTCYTCTBHA paspylle- 
HHA ee B Mpomecce nowy4eHHA, Yero TPyHO H30exKATb MPH KHCJIOTHOM PHAPO- 
JIM3e. 

Metoguka cbepMeHTaTHBHOrO TO/lyYeHUA TallaKTYPpOHOBOH KUCAOTHI Opiia 
BriepBble onucana E. [. Spiuxom B 1932 r. B kauectBe cbepMeHTa, OCYIMeCTBIAIO- 
lero THLPONM3 NeKTHHA, OH MIPHMeHA Mpenapar, BbIeeHHbIt U3 KyJbTypbl 
rpu6a Penicillum Ehrlichii. 

Pan uccnegopateseii (°~*), npHMeHaAA lpenmapaTbl NOvIMrasakTypOHasbl, BbI- 
jleeHHbIe H3 pa3MUHbIX PpHOOB, M YCOBePHIeHCTBOBaB MeTOAMKY, MOBPICHJIH 
BBIXOJL TasaKTYPOHOBOM KUCOTEI U3 WHTpycoBoro WH AOMOYHOTO MeKTHHA jo 
37—67% oT ee cofepxKaHHA B MeKTHHE. 

B cBa3v C MCCIeELOBaHHAMM MeKTHHOBbIX BelecTB Oax4eBbIX H BHePCHHeM 
B TIpOM3BO/CTBO B KavecTBe HCTOUHMKA NeKTHHa KOPMOBOrO ap6y3a WIA Hac 
BO3HHKa BO3MOXKHOCTh HCMOIb30BaTb OOPasyeMbIli MeKTHH WIA MOy4eHHA 
KPHCTAaJMMYeECKOH TasakKTYPOHOBOH KUCJIOTHI. Mbt m1pHMeHAJIM B OCHOBHOM Me- 
ToMuKy, omucaHHy1o B (’). B oTimune OT Hee, cbepMeHTATHBHOMY THpoJMsy 
TlolBepradicA HeMocpescTBeEHHO MpelapaT NeKTHHA, a He BbIWeWeHHayt u3 Hero 
MOJIMralakTyPOHOBad KHCOTAa, KaK PCKOMEHAYIOT aBTOPHl yka3aHHon padorsl. 
Tlpumensavica tbepMeHTHBIN Npellapat (B Bue CyXOrO MOpoulKa) H3 Aspergillus 
niger, nomyyeHHEI us BcecorosHoro Hay4HO-HCCJIEMOBaTeMbCKOFO WHCTHTYTA 
CIMpTO-BOLOYHOM MPOMbILLICHHOCTH. B kauectBe cyOcTpaTa MpHMeHAJICA TeK- 
TMH, BbileseHHbIt mo C. B. Banrara KMCAOTHbIM THAPOJIH30M U3 MJIOLOB KOpMO- 
poro apOysa (1). IIpenapaT nekTuHa cosepxKal 84% ralaKTYPpOHOBOM KHCJIOTHI, 
7,1% MeTOKCHJIDHBIX rpymin, 8.5% Buaru, 2,7% 3OuBI. 

Tlockobky KPHcTaIM3alnA raslakTYPOHOBOH KUCJIOTbI SHAYHTebHO 3a- 
TPYMHACTCA MIPHCYTCTBMeEM NpOMexKyTOUHDIX TIpOLYKTOB FHAPOMNsa, PAasJIM4HbIX 
OMMTOYPOHHAOB (7), AIA MOMyYeHHA Ce BaXKHO, YTOObI MeKTHH Obl THA pOM30BaH 
MOJIHOCTbIO 1O MOHOralaKTYPOHOBOM KHCJIOTHI. B cBa3v C 3THM Obl H3y4eH XOL 
ruipou3a Cc MpuMensABiiuMcA chepMeHTHbIM penapaToM M yCTaHOBJIeH KOHEIL 
peakunu. [Ipomece rufpounsa KOHTPOJIMpOBasICA TMOCpeACTBOM OMpeAeICHHA 
pasKkocTu 0,5% pacTBopa MeKTHHa WH HapacTaHHA KOJMUeCTBA PeLYUUp YIOULAX 
rpynn. Jlax atoro 250 ma 0,5% pacTBopa mekTHHa (pH 3,5) cMeniMBailHcb C 
0,1 r @epMeuTHoro Nperapara, OOaBAICA TOJLYO, H CMeCb MoMellalach B TEp- 
moctaT mpu 30°. B Tteyenne 6 uac. ompeneJdeHHn BeJIHCb Yepe3 KaxKMbIM Yac, a 
3atem uepes 19; 24; 48 u 72 yaca. KoymuecTBo pelyWMpyloulux Ppyit y4ATbI- 
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Baloch HooMeTpuyecku (*). BaskocTb onpefemsuacb BUCKO3HMeTpoM OcTBasIb- 
a, IA KOTOPOro BpeMA HCTeYeHHA BOAbI yepes KanuAp Opto 105 cex., a 
0,5% pacTBopa nekTuHa — 13 mun. 48 cek. 

Kpome Toro, NpoxyKTbl PepMeHTATHBHOTO THAPONsa M3y4YaIMCb pH MOMo- 
IM paguaJibHOH XpomMatorpadun Ha Oymare. B KauectBe pacrBopuTeaa ucnoub- 
30Baslacb CM€Cb YKCYCHOM KUCJIOTHI, OyTHOBOTO CMpTa H BOI B CoOOTHOILIEe- 
Huw 1: 4:5, B kauecTBe mposBuTein 0,5% pacTBop Gensuguna (3). : 

Bpiio yCTaHoBeHo, YTO Tocme 12-yacoBoro rugzpou3a mpu pH 3,5 un 30 
N€KTHH TMOCJ€ OMBIJIEHHA He OCaKLaeTCA OoJIee HOHAMH MeL; CeLOBaTebHO, 

ok ucr %euce  UOMMTaAKTYPOHOBaA Wellb 

100 0. PaspyilleHa Ha CTOMb KopoT- 

KWe (parMeHTbl, 4TO OHM 


eS] 

80 { 80% y Ke He CTIOCOOHEI o6pasoBarb. 
Sys we MeKTaT MeqH. | 
S S Bsa3kocTb pactBopa nek- 
& 40 493 THA OX BoszelcTBuem (ep- 

~ MeHTA pe3KO CHMKaach B 

20 2& TepBble xe NMomuaca (npH- 

& mepHo Hwa 50%) un uepes 

5 1 & 32 40 48 S56 64 wc 68 «©6664 HAC. NocTHrama CBoero Mu- 
“podonuumensHocis eudponuga HHMaJIbHOrO 3HayeHHA. O- 

Puc. 1. Hakonaenve cBo6oguoii railaxtyponosoli kuc- HOBP€MCHHO pacTBOp MeKTH- 
JoTbt (/) H H3MeHeHHe BasKocTH 0,5% pacrBopa nekTu- Ha CTaHOBHJICA IIpO3p a4HBIM,. 


Ha (2) B mpouecce depMentaTuBHoro ruzpomnsa M Ha He KOJIObI coOupasica 
XJIONbeBUHBIM OCaOK, Impey - 
CTABJIAIOWLMH CO6OK, mo Bcelj Be€POATHOCTH, HEYPOHOBbIM KOMIVJIeEKC TeKTHHA. 

Ham janHble nogrBepxKqaror npewnosioxeHve H. B. HosotenpHopa u 
B. E. Jleesoit (*) 0 Tom, uTo B MepBy1l0 dasy cbepMenTaTuBHOro rHApowM3a mexK- 
THHA OT NOJMrallakKTYPOHOBOH enw oTINenIAeTCA HeYPOHOBbIN KOMMJIeKC, B 
pesyJIbTaTe 4ero peskoO MafaeT BASKOCTb pacTBopa. 

Sa nepBbie 6 vac. rulpomusa TomDKO 14% MN€KTHHA paspyllasocb JO MOHOra- 
JAKTYPOHOBOH KucJIOTE. Bo Bropoli TepHox peakiuu (4Yepes 12 yac. u Gosee), 
Kora BASKOCTh PaCTBopa y2Ke Ooslee HE H3MeHAACh, KOJHYeCTBO peAyuup yio- 
IMMX TPYT MpOLoMKao yBeMuMBaThcA (puc. 1). Kak ycraHoBueHo TIpH mo0- 
MOULH =XPOMATOrpaPupoBaHHA MpokyKTOB THAPOH3a, MOHOralakTypoHoBaa 
KHCJOTA NOABJIACTCA MOUTH C CamMoro Hauana Tufpomusa (puc. 2 cm. BKneliky 
cTp. 1296) u nocrenenHo HakanmuBaetca HO 3HadNTeJIBHBIX KOJIMYecTB. Tlourn o- 
HOBPEMCHHO NOABIAIOTCA PasIHUHbIe IPOMeKYTOUREIE NOJIHYPOHHAbI Cc pasmMy- 
HbIMU R/, TOKa He WeHTHPUIMpOBaHHble, HaMOONbIIee UNCO KOTOPHIX (YeTHIpe) 
oOHapyxeHo npu 12- 7 24-yacoBom rHipouHse. B Ooee NosqHHi Nepuox ofuH U3 
yPoHMAOB, OuMKaMi kK WeHTpy XPOMAaTOrpaMMBI, HC¥esaeT, KOJIMYECTBO BTOporo 
M TpeTbero yBeMYMBaeTCA, a cnycTa 240 uac. yMeHbilaetcs. Hakonen, yepes 
288 uac. of Havana peaxuun CpeqH MpOLyKTOB ruqposmn3a OOHapyxKuUBaeTCA 
TOJIbKO MOHOralakTypoHOBaa KucJloTa. TloyyeHHbie JaHHbIe JaiOT BO3MOXKHOCTH 
CNHTATb, YTO MOMMTaaKTYypoHasa, ColepxKalladcs B lipenapate, ABJIAeTCA H 9HO- 
TMOKOSHLa30H, TAK Kak OHA KaTaIH3upyeT OTINeNJIeHHe MOJeKy TasakTypoHo- 


CIY4ae SK3OPIOKOSHAasbl), a THApoMsyeT 1,4-a-ri0KO3HIHYIO CBA3B BHYTPu 
ten. OO stom CBHETEJIBCTBYeT TOT (paKT, UTO Hapsy C MOHOra/lakTypOHOBOL 
KHCJOTOM MOUTH cpasy o6pasyioTes 1 Pa3JIMYHble MOJMYPOHH BI. 


ACPHKUT JM WaHHbIli NpenapaT oxny NOJIMTalaKTYPOHa3y WM HeCKOJIbKO. Tem 
Ooulee, YTO HEKOTOpBIM HCceLoBaTenam (*,°) ynanoch pa3syqenuTh NOWHradlakty- 
POHASY, BbIeeHHYIO H3 KYJIBTYpBI Asp. niger, Ha HecKombKO KOMIOHEHTOB, 
43 KOTOPbIX TOJIbKO OLHH eHCTBOBaN Ha NeKTHH MOQOOHO UCnbITaHHOMy HaMH 
mupenapaty, OcTaibHble paspywiaqn neKTHH HeCKOJIbKO HHBIM IIyTeM. 

a OCHOBE JIPOBeJCHHBIX OMNBITOB NOJTyYeHHe TaslakKTYPOHOBOH KHCJOTbI 
OCYMECTBIANOCh CE LYIOULHM OOpasom. K 10 r M€KTHHA DOOaBAIM IPH SHeEprHy- 
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HOM epemeliMBaHHn 250 MJI AHCTUAMMpOBaHHOM BOLI, NosorpeToH fo ADs 


B oOpagoBaBily1ocajKselikyio Maccy Mocse NOBe Lens pH go 3,5 (3N pacTBopom 
NaOH) go6apnaun | r cpepMeHTHoro mpemapata uu 1 ma Tosyoua. PugpomH3s mpo- 
pomuica mpu 39° B TeyeHue 12 cyToK. Kak coo6ulasiocb BbIle, 3a 3TO BpeMA 
IpakTHYeCKH BeCb Me€KTHH paspyllasica Ho MOHOraaKTYPOHOBOH KHCJIOTHI. 
Tlo okonuaHUH PHApomusa K peakKIMOHHON CMecu no6aBasasca 2N pactBop H2SO4 
B KOHUeCTBe, HEOOXOJUMOM JWIA HeNTpausallun joOaBuleHHOH paHee WleO4un. 
3atem rupomusaT OTPUILTPOBbIBAaNICA OT OCAaTKa M Mocue o6eCIBeUMBaHHA ak- 
TUBHPOBAHHBIM YIvIeM BbIMapHBaJIcA MOA BaKYYMOM IPH! 40° npumepHo fo 15— 
920 ma. TlomyseHHEI rycToH CHpon saNMBasIcCA CMECHIO 3 oO6beMOB JLM3THIOBOrO 
acupa u 5 OObeMOB STHMOBOrO CHHPTA HM OCTAaBasICA Ha HOM. IIpu 3Tom ramaKtTy- 
POHOBaA, KUCJIOTa NepexoAHJla B 3:PUPHO-CNMPTOBOH CO, B OCaKe OCTABAJICA 
NaeSOa, a TakxKe HempopearMpoBaBLIMh MeKTHH (HepaspYyWIeHHbIf OCTATOK). 
TlomyseHHpli 3cpupo-cnupTOBOM pacTBop raslakKTyPOHOBOM KUCJOTbI BbIMapHBal- 
CA TakxKe MO BAKYYMOM IIpH KOMHAaTHOK TemnepaType AO HeOOJIbINOTO OObeEMAa 
(5—7 Ma), 3aTeM OCTaBIANICH MIA KpHcTaIM3alHn TpH 5°. Jia ycekopeHur 
KPHCTaMHsaluN NOOaBAANH HECKOJIbKO KPUCTAJIMMKOB TaslaKTYPOHOBOH KUCJIO- 
Thl, a Take 96° STHJIOBBI CIMPT. Bumalasnu MemKue Geble KPUCTAJVIbI, KOTOPBIC 
NIpoMbiBaIuch 96° ciupToM, 3aTeM QpUpoM HM CYWIMIMCb B BakyyM-9KCHKATOPe 
Hag CaCle. MomyaeHuble KpHCTaJIJIbl XOPOLIO PacTBOPAHCb B Boyle, B 70° cnuprTe, 
ylaBalM MONOKUTebHY!O peakillo Ha raslakKTYPOHOBY1IO KMCJIOTY C OCHOBHBIM 
YKCYCHOKHCJIBIM CBHHILOM. Ilpu xpomatorpadupoBanuu Ha 6ymare pacTBOp 
UX [aBan OHO MATHO, KoTOpoe To kf H OKpacKe C 6eCH3SHUAHHOM COOTBETCTBOBAIO 
MATHY CTaHapTHoro pacTBopa TajlakKTYPOHOBOH KHCJIOTHI. 

TeopeTuuecKH MOHOrasakTYpOHOBaA KUCNOTA (CgH,,0; + H2O) cogepxut 
33,96% C, 5,70% H u o6pasyeT npu cxKHTAaHMM 964 mr COe. 

DeMeHTAapHbI aHaJIMS NOJYYeHHEIX KPHCTAJIOB * Tam culeyIoulMe pe3yJIb- 
tatht: 33,88% C; 5,88% H; 963,40 mr CO,. Pe3ybTaTbl aHaJIM30B MaloT OCHO- 
paHWe CUHTATb, UTO MOJYUeHHEIe KPHCTAMbI ABJIAIOTCA MOHOraslakTy pOHOBOH 
xucmoToi. Brtxom ee cocTaBaal 20—25 % oT cofepxKaHHA B NeKTHHE. 

Takum o6pa3om, u3 apOy3HorO NeKTHHa MO*KHO ycneliHo moslyuaTb rataK- 
TYPOHOBYIO KHCJOTY C MOMOLLbIO bepMeHTHOrO Iperapata U3 Aspergillus niger. 
Buxoy ee, HECOMHEHHO, yacTCA NOBbICHTb IPH COBePIIeHCTBOBAHHM MeTOAMKH. 


VUucrutyT 6vouornv Mocrynno 
Mosmasckoro duatvaia AkaylemuH HayK CCCP 18 VIII 1960 
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BHOXHMH Al 


B. M. CTEMAHOB, E. Jl. JIEBHH 
WH WedcTBUTeAbHbI useH AMH CCCP B. H. OPEXOBHY 


HCCJIEMOBAHHE NENCHHA METOJOM 3JIEKTPO®OPE3A 
HA BYMATE 


B utepatype uMeloTca yKagaHusa Ha TO, 4YTO HEOUMIMEHHbIe Mpenaparel nen- 
CHHa MOryT ColepxkaTb B KayecTBe NpuMeceli Apyrne MpOTeowHMTHYeCKHe cpep- 
MeHTHI (17%), : 

Mpbl uccwleqoBaH Cc MOMOLLBbIO 3J1eKTpotopesa Ha GyMare HeCKOJbKO HMeB- 
IWMXCA B HallleM PaCHOpsxKeHHU OOpasuoB nencuHa Pa3HOH CTeMeHH 4HCTOTHI: 
HeOUMIMECHHBIN CBHHOH MeMCHH, H3rOTOBJeHHbI Ha MsICOKOMONHaTe um. A. VY. Mu- 
kosHa (Mocksa); nencuH, npexBaputesbHo OUHINCHHIN ~XpoMaTorpaduelt Ha 
AMSTUTAMHHOSTH MeN ON03e (LIA); kpuctanauuecku nencuy cbupmer Nutri- 
tional Biochemicals Corporation (CILIA). 

laa o6HapyxXeHusA B MencHHe BO3MOXKHBIX IIpHMeceH TIpoTeas MeTOJOM 3u1eK- 
Tpotopesa Ha Oymare oco60 BaxkHOe 3HaueHHe uMeeT cnocoO onpexejeHua mpo- 
TCOJIMTHYECKH AKTHBHBIX 30H Ha auleKTpooperpammax. Jlnsa aTux ene Ham 
YAaOCb HCMOMb3OBaTb METOX, OCHOBAHHBII Ha CHOCOOHOCTH TIpOTea3 pasxKuKaTb 
*KETATHHOBBIH COM OTOMMeHKH, HaxOMAUMiIcA B KOHTaKTe C 91eKTpocope- 
TpaMMOH. OTOT mpHem Obit onMcaH WIA OnpeweeHHsA TpHNCHHa Ha xpomaTo- 
rpaMMax pH pH 6,8 (4). OOuapyxenne nencnna NIPOBOHJIOCb Hamu 
mpu pH 1,5 u 3,7 u 40°, rax Kak np¥ pH 6,8 nencux Oxietpo MHAKTMBUpyercs. 
Metoq BeCbMa 4yBCTBYTeTeH HM TO3BONAeT OTKPHITb JO 37 nencuna. 

OQneKTpoopes MbI Be B JeTYIHX TMPWMH-alleTaTHBIx Oycbepax mpH pH 
18: 3" 5,6: 8 Oe rpavente noTenuuana 3,7 B/em. 

B HeOunIIeHHEIX MpenapatTax nencuHa uv OoJIbILMHCTBe mipemapartos, mpeyBa- 
PHTCIBHO OWMIMCHHEIX Ha JIDA9, npu PH 4,3 u 5,6 6pm OOHAPYXKeHbI Be 30- 
Hbl, OOaLaioulve cnoco6HocTBIO PasmKWKaTh W*KeNaTHHy (cM. pyc. 1). Bpictpo 
ABUTAaBIIaACA K aHOLy cbpakuuA cooTBeTCTBOBaa nencuHy. Bropasa cpaxyus 
mpu pH 5,6 mBuranacb take K aHOly, HO MejWieHHee TencnHa, a mpu pH 4,3 
ee MOJBYXKHOCTh pe3kKo najana. [lo-BuyuMomy, HeN3BecTHBIit (bepMeHT uMeeT 
MeHee KHCJIbIe CBOHCTBa, 4eM TenCHH. 

CojlepxxaHve BrToporo MpOTeoMTMYeCKOrO (bepMeHTa 3aBHCHT OT cTeneHH 
ONMCTKH aHaJIM3upyemoro oOpasita. PasmepbI HaOs02aemoli 30HEI B clyyae mpe- 


TeJIBHO ONMIMCHHOTO TencHHa MOUTH He jaloT BTOPOH AKTHBHOHM 30HbI. 
IIpu sextpodopese KPHCTaJIMYeCKOTO TencuHa cdbupmet Nutritional Bio- 
chemicals Corporation ua (POTOMMeHKe MpPOABAANACh TOAbKO COOTBETCTBYIOIULaA 


HapyxKeHa B OMHOM U3 MpeqBapuTeDHO OUMINCHHBIX Ipenapatos. 
Mcnomb30BaHHplli Hamu AWA TIPOABJICHHA TeTICHHA Crocob MOET OLITh TIpH- 
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Kak M CleOBaO O*KUMaTh, NenmcHHOreH ABHraeTcCA K aHOZy MefWienHee ren- 
cuHa, a aeKTpodopes pu pH 4,3 u 5,0 noKkasal Haine BeMCHHOreHe JByx 
(ppakUHH, CNOCOOHBIX pasxKWKaTb *KeMaTHHy. 

Tloce snextpodopesa pu pH 8,2 B Teyenne 7 uac. Oblla OOHapyxKeHa ueT- 
Ka MpoTeomuTMYecKad 30Ha, CMecTHBUIadca K aHoy. Ilocko.bKy U3BecTHO, 


ufo MenmcHH ObICTpO HHAKTHBUpyeTcA 
IIpH 3Ha4YHTeIbHO MeHBUIeM pH, MbI OO8- 
ACHAeM HaOJofaeMy!lo B 9THX YCJIO- 
BUAX AKTHBHOCTb IpHCyTCTBHeM BTOPO- 
ro tbepMeHTa, KOTOPHI, OUCBHAHO, Ha- 
MHOFO ycTOH4MBee MencHHa B WeOUHOL 
cpeze. 

SacnykuBaeT ocoOoro BHNMaHNs 
APKO BbIPayxKeHHaA AKTHBHOCTb BTOPOro 
mpoTeowuTuyecKoro (epMeHTa, Haliqen- 
Horo B MpemapaTax nencuHa, 10 OTHO- 
[eHv1O| K *%KesaTHHe. EcTb Bce OCHOBAa- 
HUA NoslaraTh, 4TO Ccosepxanne sTOrO 
BelllecTBa B MCCJIeqyeMoM OOpasile Becb- 
Ma Masio. Tak, ero He yfasiocb o6Ha- 
PY2XUTb IPH OKpaliMBaHMU 9s1eKTPopo- 
perpamM amujo-yepHpim 105, xjopom u 
OeH3SHAMHOM 10 MeToy PelHaesa — 
Xonne (°), peaxTuBom Ilayau, Torga 
KaK MlellcHH, XOTA HM C TPyJOM, MOX%KHO 
yIOBUTb 3TUMH MeToaMu. B To Ke BpeMsA 
IpHCyTCTByIollero KOsMYeCTBAa jocTa- 
TOUHO, YTOOb! OKa3aTb Ha KeNaTHHy, 
MOKPbIBAaIOULyIO (pOTOMMeHKy, evicTBue, 
CpaBHUMoe C JlelicTBHeM CaMoro MencHuHa. 

Sto HabsoeHHe OblIO NOATBEp*KLe- 
HO Ip UcceLoBaHUH MpesBapuTe/bHO 
OUMULEHHEIX Mpemaparos llencHHa IJIeKT- 
pod@opesoMm Ha KpaXMaJIbHOM OJ10Ke. 
B TunuuHom onpite (pH 4,3; 6,5 4aca; 
11—13°; 450 B) mencuHoBas 30Ha CMeCTH- 
jlacb K aHogy Ha 9 cm (mposBseHue No 
(boTonseHKe). Ota 30Ha OOJaslaia YeTKO 
BbIPaKeEHHOM AKTHBHOCTHIO M10 OTHOIIIe- 
HuIO K remorsoOuny u cosepxaa 13,4Mr 
6enka no} metozy Jloypu (°). Bropaa 
30Ha, CMeCTHBUIaACA K aHofy Had cM, 
YeTKO MPOABIANACh Ha (POTOMIeHKe, HO 
He OOHapyKUBaa HUKAKOM AKTHBHOCTH 
no TeMormoOuHy H cojlepxKasa He Oosiee 
0,2 mr Geka. 

Bnepsrie Hoptpon B 1931 r. (*) 06- 
Hapy2KUJI, YTO B HeOYMULeHHBIX Mpema- 
parax mencuHa conepxuTcA cbepMeHt, 
upesBbIyaHHO aKTHBHO pa32K HK aol 
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eceeBeeteeReseeeeneas 


a 


o Os 


paseeeseeeebersenener 


ga2ees8 @aeaer 


S2ea eee 


aae2eee 63 5 8 


BEagCeoSERRERE EOE EE DS 


aeaaeeenae 
esaeeaeGeeeeneseeaeeeer 


Bes 


asesaeeoe ts "eeeeuaad 


Puc. 1. Bug dbotonseHKH Mocie KOHTaKTa C 
gmekTpotboperpammoli (HeraTHB). J — nen- 
cuu, ounmenHEt ua JIQA9, pH 4,3; 2 — 
To «xe, pH 5, 6; 3 — mencHH, HeOUHILeHHBIH, 
pH 4,3; 4—To xe, pH 5, 6; 5 — nencnHo- 
reo, pH 4,3;6 — To xe, pH5,0. Bpictpo 
ypwKyulaAcA K aHOsly 30Ha — CoOCTBeHHO 
mencHH 


y*KenaTuHy. Ilo HaHHbIM Hoptpoma, 3TOT pepMeHT, Ha3BaHHbIii UM 2%KeaTHHAason, 
B OTJMUHe OT MencHHa, COXpaHAeT AKTHBHOCTH MocIe BbILepHKUBAHUA B TEMCHHE 
HecKoAbKUX MuHyT upu pH 9,0. Henasuo Paiia u Eloptep (°) ¢ MOMOMIbIO XpoMa- 
torpacuy Ha JISA9 BpilesMiH M3 HeOUMIMeHHOrO MencHHa 1Ba IIpOTeOJMTH4YECKUX 


cbepMeHTa. OJMH M3 HUX, MapaliencHH 
TuHasy Hoptpona, 


ly TIO MHEHMIO ABTOPOB, MWOXO2#K Ha *KeJla- 
TaK Kak OH pa3xKMxKaeT Ke aTHHY ropa3jo aKTHBHee, FEM 


nencuH. Flapanencun I, Kak HW 2KeaTHHa3a, YCTOHYMB B WWesOuHOH cpezle. 
Kak 6biio noKa3aHo Bblllle, Jia OOHapyxKeHHOrO HaMH MIpOTeOJHTHYCCKOTO 
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cepMeHTa XapakTepHa BBbICOKaA AKTHBHOCTb MO OTHOUIeCHHIO K %«eslaTHHe 
B 9TOM OTHOWeHHH OH OIM30K %KeNaTHHase Hoptpona u napanencuny I. Usyue- 
HWe CiOCcOOOB BbIJeJIeHHA, a TAKKe H3yYeHHe CBOMCTB MH CMelM@v4YHOCTU STOTO 
(epMeHTAa, YCJIOBHO Ha3BaHHOTO *Ke/aTHHA30H, OyeT MpeAMeTOM ambHehwWero 
vcCJIeOBaHHA. 

YcntOBuA 9NCKTPOMopes a. OnbITb MpoBoAMANCh B mpH6ope, 
omucaHom Jlappsmom (’), Ha xpomaTorpaduyeckoli Oymare («megieHHas») 
JleHuurpancKon cbaOpuxu Ne 2; 3,7 B/cm; 0,6—0,8 ma mpuv wmupnue nosocKku 
11 cm. B kaxkgyio TouKy HaHocHsoch 507 mpemapata (5 wn 1% pacrBopa). 
IIpumenaiucb seryaue Oydeppr pH 1,8 (35 ma 85% HCOOH, Boga no 1 ao), 
pH 3,7—5,6 (*) u pH 8,2 (0,5 ma 25% NH; 2,6 ma 2 M CH,COOH, Boga zo | 
700 mt). 

ITpoaBaenue nencuna. I[JpoaBnenyyo u 3aKkpenmennyt cboto- 
muleHKy (HAMM MIpHMeHsJIacb tboHOrpaMMHad MvieHKa 3T-6) nomemamu Ha 4— 
6 uac, B OydepHbii pacrBop pH 3,7. [locuie oKoHyaHUA 3IeKTpocopesa BIaxKHAaA 
MoIOCKa OyMarH MJIOTHO IIpuKNaLEIBalach K HaOyxXIeMy 9MYJIbCHOHHOMY CJlo10 
(OTOMMeHKM, HAKaTbIBaJIaCb Pe3HHOBbIM BaJIMKOM, CJlerKa OMpbICKMBasach Oy- 
cbepom pH 3,7 4 nomemlanacb B 3aKpbITy!O KaMepy, BHYTpH KOTOpOlt HaxogMscA 
cTakaHuHK C TeM »e Oydepom. Kamepa ycTaHaBruBanacb B Tepmoctate (40°) 
u yepes 20—60 MuH. Ha MvleHKe B MecTax JelicTBMA cbepMeHTa OOHapyKHBaJINCb 
CBeTJIbI€ TATHA. 

Pe3syMbTaTH J3NeEKTpPOopesa. Beero Spio0 npoBeseHo cBEI- 
me 80 onbITOB 0 SeKTpocpopesy MenmcHHa Ha Oymare, pe3y/bTaTbI KOTOPBIX 
yKa3aHbl B Tau. | ; 


la Orin 


é PaccTosHue or 
Eo cTapToBoHt 
Me JMHHH, CM 
IIpenapar pH ees 
of 
ar 1-130Ha | 2-9 30Ha 
Eo 
Ilencuu, ounen- 158 8 0 — 
Hb Ha JIDA9 Le 8 3,6 0,6 
0) as) Dato) iL 
Isles 7 ays) 4,0 
8,2 8 Lis — 
Ilencun Heoun- 1,8 8 0 — 
ULe@HH bil Woe) V ie 0,3 
5,6 7 4 a, 
Tlencun (CILIA) 4,3 8 20 = 
Tlemcunoreu pte) 8 0 — 
Ms) 8 Dds 0 
2,0) oo Bate 0,5 
EG 8 4,6 = 
Sih 8 Cay — 


Astopbl Onarogapat JI. M. Tunogmana 3a MpeOCTaBJIeHHble lmpenaparl 
mencuHa. 


MucrutyT XHMHM npHpo_HEIx coennHenuii i Tlocrynuio 
Akajlemuu nayK CCCP 19 XI 1960 


IMTHPOBAHHAS JIMUTEPATYPA 


tds atl. AN of t BEE o. Dobe an.Gen, Physiol.,* 15,. 29. (1931). 2.R, Merten 
G.Schramm etal., Zs. Physiol. Chem., 289, 173 (1952) eee 5 R ; le, R R.Porte r, 
Biochem. J., 78, 75 (1959). ~ 4 J. Hais, K. Macek, Handbuch der Papierchromato- 
graphie, Jena, 1958. 5 F, Reinde l, W. Hoppe, Chem. Ber., 87, 1103 (1954). 
; 0. Ho Lowry, N.I> Ros eb to ugh et al., J. Biol. Chem., 193, 265 (1951). 
‘ Ils €epep, Baezenne B aiexrpodopes ua Oymare 4 poycTBennbie MeTogp, M., 1956. 
O. Mike8, Collect. of Czechoslovak chem, Communications, 22, 831 (1957). 


1240 


OR RY Ee TIT Ete nese ee 


Jokrsann Akanemun Hayk CCCP 
1961. Tom 136, No 5 


PH3SHOJIOTH A PACTEHHYA 
es ee 
Jl. A. KOMMCCAPOB 


BJIMAHWE PMBBEPEJIWIOBOHW KUCJIOTbI HA JIPEBECHDbIE 
PACTEHHA 


(IIpedcmaeaexo axademuxom A. JI. Kypcanoeom I VIII 1960) 


JluTepaTypHble JaHHble 0 BIMAHUM ruOGepenMHOB Ha 7\peBecHble WM KycTap- 
HMKOBbI€ PacTeHHA CpaBHUTeIbHO orpaHuueHb (1~*). B GombmuncTBe cmyuaes 
OMBbIThI NPOBOLMINCh B OPaHxKepeiHbIX yCJOBUAX HM Ha BeCbMa He3HaUHTeIbHOM 
uncue pactenul. Ilostomy noka npexeBpeMeHHO CyAMTb O TIpakTH4eCKoM 3Ha- 
YeHHM THOOepeIMHOB B JIeCHOM XO3AiCTBe U 3eeHOM CTPOUTeNBCTRE. 

B faHHoi CTaTbe M3Jlaraiorcs pe3yAbTATbI ON‘ITOB aBTOpa M10 IIpHMeHeHHIO 
ruOGepeIOBOH KUCJIOTHI C IesbIO ycKOpeHus pocta cesHueB 15 BuzoB [peBec- 
HBIX H KYCTAPHMKOBbIX pacTeHHH. OdpekTuBHocTh JelicrBua ruO6epenoBolt 
KUCJIOTEI U3y4aaCb B 3aBHCMMOCTH CT CrOCOOOB ee NPHMeHeHHA HM NOSMpoBOK, 
a TakxKe Ha (POHE KOPHEBOIi M BHEKOPHEBO! MOAKOPMOK pacTeHult MMHepabHDIMU 
yloOpeHusamn. 

Matepuaad uw Metoguxka. Tlogonpirapimu pactenuamu cayxuan: 
my6 yepeumatpm (Quercus robur L.), my6 xKpacnpili (Q. borealis maxima 
Sarg.), Tomosb yepHbii (Populus nigra L.), Tonoms zyurmersii (P. suaveolens 
Fisch.), amma mMenkoumctuaa (Tilia cordata Mill.), kien npupeunprii (Acer 
ginnala Maxim.), cnupes KamHounctnaa (Spiraea opalifolia L.), manuarxa 
kKycTapHuKoBaa (Dasiphora fruticosa (L.) Rgl. (Pot. fruticosa L.)), cupexs 
Benrepckan (Syringa josicaea Jocq), akalua m«entaa(Caragana arborescens 
Lam.), RepeH kpacuprit (Cornus sanguinea L.), »xMuMomocTb TarapcKaa (Lonice- 
ra tatarica L.), cocHa o6pikHoBenHas (Pinus silvestris L.), cocua cnOupeKaa 
(P. sibirica (Rupr.) Mayr.), eb o6pikHoBenuas (Picea excelsa Link.). Bospact 
pacTeHult K WauaJly OMbITOB yKa3plBaeTca B TaGq. 1. 

IlpumeHaucb cileqyroulNe cnoco6bl o6pa6oTKu rH66epenoBol KucHOTOr: 
1) mpeymoceBHoe HaMayuHBaHne CeMAH B BOMHEIX pacTBOpax B KOHWeHTpattun 50 
wu 100 mr/n B TeueHve 24 uac.; 2) OfHOKpaTHOe HaJloxwKeHve Ha BepXHIOIO YacTE 
cTeOMA MaHOMMHOBOK MacTH c 1% ruO6epesoBON KUCOTH; 3) HaomwKeHne Kan- 
JIM BOMHOTO pacTBopa B KOHeHTpatun 100 mr/n Ha TouKy pocta cTe6nA yepe3 
2—3 gua (15 o6pa6orTok); 4) onpbicKuBaHue MCTbeB BOLHLIMH pacTBOpaMH B KOH- 
weHTpauuu 10—20—50—100 mr/n uepes Kaxgpie 4 2H (8 o6pa6oToK). Mocaer- 
HUM crmoco6oM OnliIo OOpa6oTaHo HanOobUIee KOMYeCTBO pacTeHHit. B orgqenp- 
HEIX BapHaHTax 4-ii TPYMMbI ONLITOB JIMCThA ONPBICKMBAJIMCbh BOMHBIMK pacrBo- 
pamu ru66epesJIOBOH KHCJIOTHI C qo6aBKont NH,NOs (4 r/m), KH,PO, (4 r/a) u 
H.BO, (0,2 r/m) B KauecTBe BHEKOPHeBOM NOAKOpMKu (B Ta6. 1 o6o3HaueHO 
BIT). Kpome Toro, onpbickuBaHve IMCTbeB pacTBopaMH rHO6epe.OBOi KHCJIO- 
TbI IPOW3BOAMNOCb Ha (POHE KOPHEBON MOLKOPMKU pacTeHuii aMMUMaUHOli CenuT- 
pot 100 kr/ra, KamnitHon combo 50 Kr/ra u cynepcocdatom 100 Kr/ra (B Ta6a. | 
o6o03HaueHo KII). OGmee KouuecTBO OOpaOoTaHHBIX pacTeHHii ObIIO OKOJIO 
15 THIC. H KOHTPOJIbHEIX OKONIO 9 THIC. 

B mpotecce mpoBeseHuA ONBITOB BeJIMCb HaOJOLeHMA Ha pocTom u coctTos- 
HMeM pacTeHuli HW W3y4aIMCb HEKOTOPBIe aHatomo-usHosornyeckue H3MeHeHH A. 
Ilo oKoHYaHHH ONLITOB yYHTHIBasICA CyXOM Bec KOpHeli HM HaysemMHOMi uacTH pac- 
TeHui. PaOota BbINOJHeHa Ha MUTOMHHKe CuBepckoro ONbITHOTO wecxosa JIe- 
WMH pascKoro Hay4HO-HCC/efOBaTeIbCKOTO MHCTUTYTA JeCHOrO xo3sslicTBa. 
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Pe3syabTaTbu. M3 ucnbiTanHblx cuocoOoB npHMeHeHuA rHOGepewOBOLi 
KHUCJIOTHI HanOoslee S*PeKTHBHLIM OKA3aJIOCb ONPbICKHBaHHe JIMCTbEB BOLHbIMH 
pactsopamu. Ilostomy HMxKe KpaTKO M3JaralwoTCA pe3yJIbTATbI STOM CepH OMBI- 
TOB. Banaue ruOOepeIOBOH KHCJIOTHI Ha POCT HM HaKOMeHHve CyxOro BellecTBa 
3HaUMTeJIbHO BapbUpyeT B 3aBHCHMOCTH OT BUJa pacTeHHA, KOHIeHTpalluu pac- 
TBOpa H couHa KOpHeBoro MHTaHHA (TaOn. 1). Y GOonbUIMHCTBa JIMCTBeEHHBIX T10- 
po Mpupoct o6paboTaHHbIx pacTeHHl B BEICOTY ObluI B 2—3 pasa Gombe KOH- 
TPOJIbHEIX. Evlb HW COCHAa OOBIKHOBCHHAA He pearHupoBasH Ha OOpaborkKy, a cocHa 
cMOupCcKas CpaBHUTe/IbHO ca6o. Ha ofny u Ty xe OOpaboTKy ru6GepenOBoli 
KUCJIOTOH Pa3HbIe IKSEMIVIAPbI TOTO WIM Apyroro Bua pacTeHUA OTSbIBAaIOTCA 
Pe3KO PasJIM4HO: OHM YCKOPAIOT POCT CTeOIH B CHJIbHOM CTeNeHH, Apyrue B cpel- 
Hel WIM CaO, a TpeTbH COBCeM He pearupyior. 

Ha cbone KopHeBoi M BHEKOPHEBOK MOLKOPMOK pacTeHut aso0THBIM, cboccop- 
HOKHCJIBIM M KaJIMMHbIM yOOpeHuAMM MpUpocT cTeOA B BBICOTY MoCce OOpa- 
OoTku ruOOepedOBO KHCOTOH yBeMuMBaeTCA TO CpaBHeHUIO C HeyqoOpen- 
HBIMH pacTeHHAMu 

YBesMYeHHe TpupocTa no6eroB B AWIMHY B pesyJbTaTe OOpa6oTKH ceAHIEB 
ruO6epeOBOH KUCOTON He BCerga COMpOBORMaeTcA TOBbIMeHHeM OGmLero 
cyxoro Beca pacteHuit. Y oOpaOoTaHHbIx pacTeHHit HEKOTOPHIX BOB OOUIHii 
CyxoH Bec OKa3aJICH HMKe KOHTpoA (TaGm. 1). Cyxoi Bec KopHelt y oOOpa6oran- 


Ta6Oauna 1 


Bumauue OMpbICKMBaHUsA MCTbeB pacTBOpaMH ru66epenAOBOH KUCAOTH Ha poct cre6js 
HM HakollieHve Cyxoro BellecTBa pacTennit . 


Ilpupoct ctre6na Ilpupocr cre6na 
Cyxoi Cyxoti 
Bapwant onpita or Bapwant onpita ne 
cM % Bec, % cM of, BEC, % 
Hy6 vepemuyatpi 2 ser JIuna MeakouetHan 4 ner 
K D0 100 | 100 K lig 100 _ 
TK 950 mr/a | 20,2 367 261 TK 10 mr/a IGA 230 — 
TK 50 mr/a 20,6 271 — 
Tonowb “epHblit " 
(yKOpeHHBIIHeca 4epeHKH) Kaen mpupewprit 3 aer 
K 27,14 | 100 100 «|| K 26,2 1/40 | 23 
PK 50 urja_| 16.8 | 173 | 2 |) TK 50 arya | is | 162 is 
F Jlanuatka KycTapHukoBas 
Tonomb qyuucteit (cesuust 4 nenem) 
(yKopeHuBmIMeca 4epeHky) 
K ak) | 100 100 
K 30,3 | 100 100 TK 50 mr/ja 6,6 347 | 107 
TK 50 mr/a GCiiee 222 | 98 
7KUMONOCTh TaTapcKas 
Cupenb BeHrepcKaa (cesHitbI 6 Heyevb) 
(CenHIbI B CeMAZONbHOH chase) 
4 K 226 100 100 
Lo BE | de, | 100 100 TK 50 mr/a 8,5 oan 85 
PK 90 mr/n | 3,2 266 (2a TK 50 mr/a-+ 
+ BIT 8,7 330 88 
Akallua xeTasa BII 6,2 238 158 
(cesHub 6 HejeJIb) 
K 7,4 400 100 Jlepen kpacupiii 1 roa 
ne eae Ae 10,5 142 133 K 6,6 100 400 
Mr/a1 ; 
i ° 
+ KM 17,0 | 230 (50F ae ep writ ea ee 
+ BIT 1.8% 232, 1132 
|| BI PASTE 197 121 


IIpumeuannua: I. 3necb u B taba. 2 1 3; K — kountpou, TK — ru66epemoBan Ku- 
cota, KII — xopnepaa moaKopMka, BIT — puekopnesaa nogkopmka. II. Y yay6a yuren 
TIpMpocr OHOK HaysemMHOH yacru. 
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HbIX PaCTeHHH MKUMOJIOCTH TaTapCKOH H TONMOJIA YepHOrO ObiJI B Ba pasa MeHb- 
we, 4M Y KOHTPOJIbHbIX, a y JepeHa KpacHoro HM aKallHH %KeJITOH OLMHAKOBbIM 
C KOHTpoJIeM. 

Y JMMbI MENKONMCTHOH, akallHu 2KeJITOH, JepeHa KpacHoro, KJleHa mpupeu- 
Horo HM crimMpex KaJIHHOJIMCTHOH TOOerH KOHTPOJIbHBIX HW OOpadboTaHHbIx pacTe- 
HMM CBOeBpeMeHHO 3aKOHUHJIH POCT H XOPOUIO MepeHecIM MepBbIe MOPOSEI JO 
8—9°. OG6pa6oTaHHble noGerH %UMONIOCTH TaTapcKOH MmposomKaIM pacTH flo 
nlo3HeH oceHu. OT nNepBoro MOpo3a y HHUX BbIMeP3JIM JIHCTbA U OOIbIUaA YaCTb 
cTe6ia. KoHTpoubHble pacTeHHA He NocTpayaiH OT MOposa. 

B muTepaType uMeloTCA yKa3aHusl Ha TO, 4YTO C MOMOMIbIO rHOOepeJJIMHOB 
MOMKHO JieTKO HapyUIMTb COCTOAHMe MOKOA NoyeK y MpeBeCcHBIX pacTrenui. Hamu 
OMBITHI, OJHAKO, NOKa3asu, UTO y 3AKOHYMBINMX POcT NoGeroB es, COCHBI, Ly6a 
KpacHoro WH ACeHA OOBIKHOBeHHOFO He y/laeTCA HapYyIIMTb CocTOAHMe MOKOA 
CCOPMUPOBAaBLINXCA MOUeK MyTeM ONPbICKHBAHUA PacTeHHA BOJHLIMM PacTBopa- 
MM THOOepeNNOBOM KUCJIOTHI HIM H4JlO%KeHHA JIAHOJIMHOBOH MacTHI. 

OmpbickuBaHve JIMCTbeB pacTBOpaMH THuOOepeOBOK KUCJIOTEI BbIsbIBAeT 
HeKOTOpble Mopdosiormueckue UM dusnosorMyeckue UsMeHeHUA. Y oOpadoTaH- 
HBIX PaCTeHHit MExKMOY3/INA LMHHee, YeM y KOHTPOJbHBIX (Tab. 3). [px stom 
JWIMHHbIe HM TOHKHe CTeOIM HEKOTOPHIX pacTeHHM, HalpHMep TOMONeH, CKJIOHHBE 


Ta6aunna 2 


@ysgnonoruyecKue U3MeHeHHA B JIMCTbAX pPacTeHHH B pesy/IbTATe OMPbICKHBaHMA BOAHBIMH 
pacTBopamu ruO6epeOBOM KMCOTEI 


Tonosb Tonoub Ty6 Tlepeu 
yepHbIi Wymuctplii yepenlyaTplit Kpacublli 
Msy4enHbllt MoKasaTewb 
K | TK K TK K | TK K | TK 
CojfepxaHue xuopodusa, Mr Ha 
1 Tr cpp. Beca 4:67 14548 14,05) 4,61 7 1,58 0.396) 2A Ste tb 
Cofepxkanue ackopOMHOBO KHC- if’ i 
JOTI, MP- % 86 85 67 A3 105 158 63 84 
AKTMBHOCTh KaTavia3bl, Mr Ops 3a f ‘ 
5 MWH. Ha 1 Tr CbIp. Beca 133 133) 7406 9D 263 204 238 242 
pancnupaunsa, r/uac na 100 cm? |0,061 | 0,098 | 0,057 0,065 | 0,096 |0,124| 1,26 | 1,44 


Tlpumeuanne. 3fecb u B Tabu. 3 TK 50 mr/a. 


Ta6auna 3 


VUsmeneHus B CTPOeCHHH HeEKOTOPBHIX pactenuii Tocie OMpPbICKMBaHMsA THCTbeB BOXHEIM 
pacTBOpoM rHuO6epeOBOH KUCIOTHI 


Tonob vepHblll Jiy6 uepemuartbiit JlepeH KpacHblit 
M3yyennbllt MOKasaTevib - ee : re F ne 
{ 
IIpupocr cre6a B AMHY, CM 32 ae Died i ie a 
Uncio Mexkoy31ui Tie oe 5 5 he pa 
Jinwua Mexyoy3saus, CM % ARS) 254 Atal ; i I 
wamMeTp pocpeta  JIHOpH- a 
pny ie 10 10 7 ei se ee 
Jivamerp mpocpeta cocyoB, h; AA 38 29 34 5 
aoa OES ea Cua6. Cna6. Cub. re es ne 
axMaJl B TKAHAX CTeOJIA Muoro Mao Mxoro | Mauoro - HOrO Horo 
Be hupana mucra, cm | 6,4X6,0, 3,9X3,2 7,8x4,2 6,1x2,3 3,5x1,8 ere 
Toma suctTa, » 159 143 165 143 135 
Uncno ycTbull B Moe MH- . ‘ é r 
kKpockora 5 5) 


K novleraHulo. B page culydaeB HaOmofaeTca y OOpaOoTaHHbIx pacTeHHl yMeHb- 
WIeHHe pasMepoB, H3MeHeHHe CPOPMbI HW OKPAaCKH JIMCTOBOK WIacTHHKH. TlosBse- 
Hue OJleqHOH OKPaCKH JIMCTbeB CBA3aHO C YMeHbIMeHMeM COsepKaHHA XJIOpo- 
(pusna (Tadn. 2). 

Jjanupie Ta6. 3 MOKa3bIBaIOT, YTO BJHAHHe THOOepeOBOH KHCJOTHI Ha 
aHaTOMHYeCKoe CTPOeHHe CTeOA H JIMCTbEB NOOera CpaBHHTeJIbHO HEBeIHKO. Co- 
fepxkanne KpaxMasia B TKaHAX cTeOIA y OOpaOoTaHHBIX pacTeHH TOMOA yep- 
HOrO 3HaYHTeJIbHO MeHbIUIe, YEM Y KOHTPOJIbHBIX. Y Apyrux BUOB pacTeHuii Mo- 
QOOHOH pasHUllbl He HaOogaeTcA. AKTHBHOCTb KaTaJla3bl B JIMCTbAX KOHTPOJIb- 
HbIX H OOpaOOTaHHbIX PaCTeHHH B OOJIbINHHCTBe Cy4aeB Ooulee HIM MeHee OLH- 
Hakopa (TaOn. 2). CoqepxkaHne acKOpOMHOBOH KUCJOTHI B THCTbAX OOpa6oTaH- 
HbIX PaCTeHHli y OMHHX BUOB OoVIbIe, YEM B JIMCTbAX KOHTPOJIbHBIX, Y APyrux 
BHUOB HaOOLaeTCA MPOTHBOMONOKHAA KapTHHa (Tabu. 2). 

VMuTeHcuBHocTb TpancnupaluH y oOpaOoTaHHbIx pacTeHHit Bbillle, 4eM y 
KOHTPOJIbHBIX (Ta6. 2). Ec IpHHATb BO BHHMAHHe, YTO Y HEKOTOPBIX OOpa- 
OoTaHHBIX PaCcTeHHH, HallpHMep 2%HMOJIOCTH TaTapCKOH, KOpHeBaa CHCTeMa pas- 
BHTa CaO, TO ECTeCTBEHHO, UTO OHH HYKMLalOTCA B Nosep2xKaHHU MOCTOAHHOL 
MOCTATOUHO BbICOKOH BJIaxKHOCTH MOUBHI. 

B sak1o4eHHe CJleqyeT OTMETHTb, 4TO rHOGepeOBaA KUCIOTa ABJIAeTCA 
BeCbMa AKTHBHbIM CTHMYJIATOPOM pocTa. OHaKO ee JeHCTBHe B 3HaAdHTebHOM 
CTeNe€HH 3aBHCHT OT BUa pacTeHHH, HX HHAUBULYaJIbHbIX OCOOeHHOCTeH HM CO- 
CTOAHUA BO BpeMA OOpaOOTKH, a TaKxKe OT cnocoba OOpaboTKH U 'LOSHPOBKH 4H, 
HaKOHell, OT yCuIOBU pocTa. [MO6epesMHEI MOryT OKa3bIBaTb MOMOKUTeMbHOe 
BIIMAHHe, YCKOPAA PocT Ha3eMHOH YaCTH PaCTeHHA, HO B TO Ke BPeMA OHH B 
pALe CTYYaeB 3ajlepxKUBAaIOT POCT KOPHeH, CMOCOOCTBYIOT BbITATHBaHHIO MexK]O- 
Y3JIMH CTeCOJIA, YMCHbILNEHHIO PasMepPOB JIMCTbEB, MOHMKEHMIO COMepKAaHUA XsOpO- 
(ua, MOBbILIeHHIO HHTCHCHBHOCTH TpaHCcnupalluu, CHMKeHMIO OOmLero Cyxoro 
Beca PpacTeHHA UW CTeMeHH YCTOHYMBOCTH MpOTHB 3acyxXH H MOposa. 

Jia yCKOpeHHOrO BbIPawlMBaHHA 3OPOBLIX APeBeCHbIX HM KYCTAPHHKOBBIX 
pacTeHHH Ba)KHO CHa¥aJIa B BO3MOX%KHO KOPOTKHH CpOK JOOMTHCA pasBUTHA JlOc- 
TaTOUHO MOIMHOH KOPHeBOM CHCTeMBI, a 3aTeM yxKe (POPCHPOBATb pocT u Ha3em- 
HOH YaCTH, UCIOUb3YA AIA STOO THOGepeJIMHbI B KOMIUIEKCe C APyrumu mpHema- 
MH M cpeycTBaMmu. 


JleHMHTpayckuit Hay4yHO-HCCeqoBaTeBCKHH HHCTATYT TloctymHi1o 
WeCHOrO XO3AlCTBAa 14 III 1960 
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Jloxknann Akagemun nayx CCCP 
1961. Tom 136, Ne 5 
@H3HOJIOTH A PACTEHHE 


A. fl. METPOB 


O ®A3HOCTH 3K300CMO3A BOJIbI H3 DKUBbIX TKAHENM JIMCTA 7 
(ITpedcmaeaeno axademuxom H. M. Cucakanom 9 IX 1960) 


B mpouecce u3yyeHua BoLHOrO OOMeHa Y KYKYPY3HI, IPH ONpemeeHHH «CBO- 
6oMHOl BOLbI B IMCTbAX petbpakTOMeTPHYeCKHM MeTOJOM, MBI YaCTO CTAJIKUBa- 
JIMCb CO 3HAUUTEIBHLIMH PaCXOKMCHHAMH Pe3yJIbTATOB B NOBTOPHOCTAX. Aas 
ycTpaHewusa 2TOro MbI paGoTaM MpH OMpefeNeHHOM COOTHOIIeHHN MemAY 
BeCOM pacTBOpa Caxaposbl H BeCOM TIPOOb! HW TepMOCTATHPOBAIH MoceqHNe MPH 


55 6 /\% 
50 20 
45 18 
40 16 
35 4 
30 12 
25 10 
20 8 
15 6 
10 4 
J 2 
2 40 ff 20 40 77 20 40 73 20 40 j4 20 40 95 / 
Bpema cymor 7) 80 160 240 320 Mu 


Puc. 1. Kuneruka 3K300CM03a BOJbI (KO/IMUeCTBO «CBOOOAHOM» BOLI B MpOleHTaxX K CbIPOMY Be- 
cy) H3 JHCTbeB BeTPeHHUIIbl JWOTHKOBOH (a), O3HMOM px (6), MedapronnHn (e) H acnHyHCTpE 
(e). I—III — mostopxHoctu 


90 unu 25°. Tem He MeHee, pacxOxKJeHHA Pe3yJbTATOB NOBTOPHbIX mpo6, Ka3a- 
JOCb Obl COBEPIIEHHO TOXKTECTBEHHBIX, BCE AE HEPCAKO OLIBAIH 3HAYHTeIbHDIMH. 
Sto mocTaBHsio Nepe Hamu 3aayy Oovlee THaTeIbHOTO H3yCHHA KHHETHKE 
3K300CM03a BOJbI H3 XKHBBIX KJICTOK. 

Tepspie onpeyeseHua, C HHTepBaaMH B 30—60 muH., MoKa3aJIH, UTO BOA BbI- 
XOJUT U3 KJI€ETOK HepaBHOMEPHO, YCHJICHHBIit 9K300CMO3 BOI CMCHACTCA HEKO- 
TOPbIM 3aMefJIeHHeM MIpolecca, 3aTeM BbIxXONL BOJbI BHOBb yCHJIMBaeTCA UM T. 2. 
B cnelMaibHEIx OMbITaxX C JIHCTbAMM KyKYPY3bI, KarlyCTHl, ACIIMMCTpbI, Ie- 
JlaproHHu, O3HMOM pxXH, BETPCHHHIb! JUOTHKOBOM onpefesieHua CBOOOLHON BO- 
Jbl MPOWSBOLMJNCh C HHTeEpBasaMu B 15—20 MuH. B OMHOM H TOM %Ke Mpobe Np 
Temmepatype 20—21° no oOmleusBecTHOl MeTOAMKe. OUeHb OTHCTJIMBBIC PCSYJIb- 
TaTbI [aM MMCTbA NeaprowHU, aCIMAMCTPbI, OSHMOM P?KH WM BeTPCHHHILBbI JIHO- 
TUKOBOH (MpeACTAaBHTeIb BeCeHHHX acpemepouoB). 

Us puc. | BugHo, YTO BbIXO] «CBOOOLHOH» BOLI U3 %KUBbIX KJICTOK B PHNep- 
TOHHYeCKOM pacTBOpe Caxaposbl — 39TO AaleKO HE PaBHOMepHBIt SK300CMO3 
BomE. BErxoy, «CBOGOAHOM» BONbI NpOHCXOAMT cTyMeH4aTo, 4TO ObIIO OTMEYeHO 
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M. M. Oxyxuospim u E. VW. Tapacozoit (*). Tlo Kpupbim BUHO, uTO ToTYAC 
mlocJlé NOPPpyKeHHA TKAHEM B PACTBOP BbIXOJ BOAbI HeT MHTEHCHBHO, 3aTeM CKO- 
POCTb 9K300CM03a TalaeT HW NOXOAUT JO HyJIA, M HaCTyNaeT KpaTKOBpeMeHHLIit 
M€PHO MOFIOWeHUA BObl W3 «PHMepTOHMYeCKoro» pacTBopa caxaposbi. Io 
KPHBBIM MOXKHO MPOCJIeCAHTb HECKOJIbKO ()a3 9K30- H 9HJOOCMO3A BOJIbI C HEKOTO- 
PbIMH OCOOeHHOCTAMH y KaxKOH mpoOpl. To xe uMeeTCA HB ItHpoBoM MaTepHa- 
sie M. M. Oxynuosa u E. VW. Tapacosoii. Y nuctpes aumens HeOoubIOe Norn0- 
WleHve Bobl U3 61% pacTBopa caxaposbl HaOmOLaNoch yepes 30 u 50 mMuH. OT 
Havala onbiTa, y OeroHMm — uepes 60 mux. Uutepecno, uTo ato normomenue 
BOMbI HMCJIO M€CTO M3 PaCcTBOpa C OCMOTHYECKHM JaBeHHeM NopsyKa 170—180 
at. ((*), Tau. 8). Crynenuartblii BbIXO, BOLI MOXKHO ObWIO Obl OOBACHUTE mlepHo- 
AMYECKUM, (asHbIM H3MeHeHHeM MpoHutaemoctu ((2), cTp. 191) umn, no M. M. 
Oxynuosy u E. HW. Tapacosoli, Kak Bpipaxenue pasmuunoli creneHu cBa3aHHO- 
CTH BOAbI B KeTKe. OMHAKO Mp STHX JOMYMeHHAX HeEb3A OODACHUTh HECOMHEH- 
HbIM (bakT OOPaTHOFO NOFMOMEHUA BOMbI %KUBLIMH KJIETKAMH 43 OUeHD KOHILCHTpH- 
PpoBaHHorO pacTBopa caxapospbl (30—60%). Sto o6cToATebCTBO MOXKHO OOb- 
ACHUTb TOJIbKO M€PHOAMYeCKUM, (PasHbIM, YBeIMYeCHHEM MH yMeCHbUIeHHeEM BOJO- 
YACPXKUBAIOULMX CHI KJIETOK, MPOMCXOAAMMM B mporecce o0e3BOXKHBaHHA, OUe- 
BHIHO B pesyAbTaTe THAPOJIM3a M CHHTE3A TIOJIMMEPHBIX IIIaCTHYCCKUX BeIIeECTR, 
T. €. Ha OCHOBE yueHHA 06 OOpaTuMocTH JelicrBua epMeHTOB B XKUBOIi pactu- 
TeJIbHOH KJI€TKe, pasBHTOrO B uccIeqoBaHuax A. VW. Onapnua, A. JI. Kypcano- 
Ba, B. A. PyOuna, H. M. Cucaxkana u op. 

Yxe japyo H. M. Cucaxan, A. M. Ko6saxozpa u H. A. Bacuubesa (* 8) 
TOKASAH, YTO YBeJMYCHHE OCMOTHYECKOTO LaBeHHA B HOPMAJIbHBIX mpeqesax 
cnocoOcTByeT acopOuMn cbepMeHTOB HM cHHTeTHUeCKOT HalipaBJIGEHHOCTH HX 
JeHCTBUA, HO rocwJeLyroujee NOBBILeHHe OCMOTHUeCKOrO WaBJIeHHA (B OMbITaX 
aBTOpoB Zo 0,35 M) cnoco6cTByer pecop6unu HX, MepexoLy B 3IOMpOBaHHoe 
COCTOAHHE H YCHMEHMIO THAPOMMTHYECKUX Mpoleccos. OueBuHo, mocue norpyxe- 
HHA TKAaHeH BPacTBOp HeT CHAYaIa CHJIbHBIit 9K300CMO3 BOJbI Hapsly ¢ HeKOTO- 
PHIM MOrJIOULeHHeM Caxaposbt (*). OHaKO 10 Mepe o6e3BOxKUBAHUA YCHJIMBaloTca 
PHAPOJHTHYCCKHE Tpoueccsl (*), yBeMUMBaIOTCH OCMOTHYeCKOe LaBueHHe HU Co- 
Cyulad Cla KeTOK, MaaeT CKOPOCTb HM, HAKOHELL, OCTaHAaBIMBAeTCA 9K300CM03 
BOAbL — K€TKA AKTHBHO CONPOTHBJACTCA O6C3BOXKUBAHUIO, TIpeOlOJIeBaeT BHELLI- 
HME CHIP M ake Ha4MHaeT MoronlaTs Bony. Hao nowaratb, yro HauaBmeeca 
MOPIOUleHHe BObI ABJIACTCH MPWUYHHOL H3MeHeHUA B HalpaBJIeHHH jelicTBuA 
@epMeHToB, Tak Kak mocue KpaTKOBP€MeCHHOrO MOFOMeHHA BOLI mporecc 
°KS00CMO3a BHOBb YCHJIMBaeTca. HacrynaeT HoBasd (basa Gomee CunbHOTO 06e3- 
BOKUBAHHA, IPHBONAULAA ONATh K 3aMeIICHHIO UM OCTAHOBKe 3K300CMO3a HK 
HOCICHYIONeMY KPaTKOBpeMeHHOMY MOPJIOWeHHIO BOAR KeTKamu. Ha mHCTBAX 
MeaproHHH HadsMoaoch B 30% pacTBope Caxapo3bl 3 (ba3bl 9K30- H IHOOCMO- 
Sa MPOMOMUKUTEMbHOCTEIO 1—2 yaca Kaan, y AUCTHEB acnuAuctTppl 3 cbasni, 
Yy JIMCTb€B O3UMOH P2KH B (base Ha4¥asa TpyOKoBanua 4 (basb 3a 4 yaca, y ancTbeB 
BeTPeCHHHIIbI 3 cbasbl 3a 4 vaca. 

Takum o6pasom, KouHy4ecTBO onpezelaemMon pecdpakTomertpuyuecKuM MeTO- 
OM «CBOOOJHOM» BOXbLI 3aBHCHT OT (byHKUMOHAaTbHOrO CocTOAHHA, pe aKTHBHOCTH 
*KUBPIX KJICTOK, CMOCOOHOCTH MX B IIpomecce o6e3BOxKUBAHUA PasBUBaTb OOVIb- 
HIWC WI MCHbUIHE BOROYep%UBalOUWe CHILI B 3aBHCHMOCTH OT HaJIM4HA pe- 
SEPBHBIX TOJIMMe€PHBIX TIaCTHYeCKUX BeMLeCTB, AaKTHBHOCTH H HallpaBJIeHHOCTH 
KeucTBua depmentos. Kuerkn Mp HX 3HaYHTeJIbHOM OOe3BOX%KUBAHHH CHOCOOHBI 
PaSBUBaTb OOJIbUIHe CocymIMe CHIBI, HOpAtKa 100—200 atm. (onpitpr M. M. Oxyx- 
weBa HE. VW. Tapacosoit). Cnoco6uocth pacTeHHH Pa3BUBaTb 3HaUHTeIbHBIE 
BOLOYAeP2KUBAIOlMe CHI. UMeeT OOMbIIOe 3HAUeHHe B (pusvoslorMu ycroiiun- 
BocTH. B uacrnoctu, y KyKypy3bI B KPHTHYECKHH NepHox BooOyLepxKuBaroulne 
CHJIbI pe3kO TalaioT, Ha 4TO YKa3bIBaeT OOJIbIION BLIXON «CBOOOHOH» Bomb (°), 
Purmuyeckne, asubie, u3smenenua BOMOYTepAUBAIOIMX CHI B Mmporecce o6e3- 
BOAKUBAHUA KJICTOK HMCIOT MECTO He TOJIbKO B SKCIePHMeHTe, HO H B IPHpOMHBIX 
ycfopuax. Tak, y KyKypy3bl Ham oTmeueno He€CKOJIbBKO MAaKCHMYMOB_ BOJO- 
YACPKUBAIOUIMX CHI B HEBHOM xOe u3MeHeHni COCTOAHHA BONbI B JIMCThAX 
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(4amle BCerO OKOJIO 10; 13°u 15 yac.), B 3HAUMTeJIbHOM Mepe COBMaLarolyux C e- 
jmpeccneH TpaHcnupalun, tboTOCMHTesa, POCTOBLIX MpoleccoB HW YBeJHYeHHeM 
coflep#KaHHA Caxaposbl B JIMCTbAX. Tlompo6uee 06 9TOM MbI HajleeMcaA COOOMHTb 
OTIeJIbHO. 


Tloctynuso 
@ilXei1968 
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Wornagu Akajlemun HayrK CCCP 
1961. Tom 136, Ne 5 


IMBPHOJOLH A 
—— 


A. A. HEH®AX 


PAJIMALLMOHHOE HCCJIEQOBAHWE MOP®OrEHETHYECK HX 
®YHKUMH SAJIEP B PAHHEM PA3BHTHH BECXBOCTbIX AM@®HBUM 


([Tpedcmaenexo axademuxom 10. A. Opaoseim 18 VIII 1960) 


PafmalonHad uHaKTuBauna AREP KaK MeTOA ucceqoBanua “x (yHKUMH 
B PasBUTHH MO3BONMa ycTaHOBUTh Hayano ANEPHOH Moporenetuueckoi} aK- 
THBHOCTH Y 3apojbMtel KOCTUCTHIX pBIO (7), urioKomKux (*) m Hematoy (2). O6- 


Yuactue aqpa B panHem PeSBUTHH amdHOui MHOrO uccHe_OBanoch Ha Jle- 
TaNDHBIX THOputax. B o63sopax Banpuepa (5), Mypa (°), @panKxayzepa (7 
HOKa3aHO, YTO OCTaHOBKa pasBuTug J€TaJIbHbIX THOPHAOB HUKOra He TIponc- 


KOMOMHAalHH JleTaBHBIX rHOpHyos, Tl0O-BHJMMOMY, BeCbMa PasHoo6pas3npl. 
B onHux KoMOnnaunax HPOHCXOAUT panHee LHTOMOrHYeCKoe NOBpexkKAenHe sep 
(*), B Qpyrux ono ocraeteq BIOJIH€ 2KH3HECHOCOOHBIM JaxKe nocne OCTaHOBKH 


ee Apa Sapoypnina HHAKTHBUPOBaJIHCh JLOCTATOUHO: 
BBICOKOH JO30i% Ppanqvalun va NOCJIETOBATeJIbHbIX CTaquax PaHHero PasBHTHA. 
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[IpeqBapHTeJIbHbIe OMBITLI NOKa3aJIH, YTO MO80H, MOcTaTOUHOM AVIA HHaKTH- 
Balu Afep, HO elle CyleCTBeHHO He 3aTparMBalolleli WHTOMNMA3My, ABJIAIOTCA 
joshi nopayqKa 20—40 xr. Kputepvem fia cyKMeHHA O ALePHOM HIM WuTOMNIAs- 
MaTHUYeCKOM 9*pdekTe B OOJIbINON CTEMeCHH MOXKET CJYXKUTb OCTAHOBKA Pa3sBUTHA 
Ha CTAMM NO3sAHeH OacTyIbl Noce OOyYeHHA B paHHem 7poG6seHun. Te 2o03bI, 
mocie KOTOpbIX pasBuTHe Bcex 100% oOy4eHHEIX HKPHHOK He HJeT Aapule 


20 


5 0 1 ae 0 oo _ 90 35 ‘ 40 45 , 90 vac. 
{ey Ut OE ie ce Fe a) Re § lis muisice | Ano 17 Cmadua 
Apobnenue baacmyna Sacmpyasyun Hedpynayun Xbocmobar noyxa 


Puc. 1. 3aBHCUMOCTb CTAXHH OCTaHOBKH Ppa3BHTHA H MpOMOJIKAUTEIbHOCTH Pa3sBH- 

THA mocme o6myyenua oT oOsyyaemol craqun. / — mpsmas, oObeAMH AION A 

MOMEHTHI OGJIyueHHA (TOUKH He mpuBeyeubl), 2 — cTaqW¥A OCTaHOBKA pasBUTHA, 

a —e— Rana temporaria; a— 20 xr, 6—30 kr, 6— 40 xr, e— R. ridi- 

bunda, 20 xr; @—R. esculenta, 25 xr; e — Bufo viridis, 90 xr. O6bacHeHHe 
B TeKCTe 


9TOH CTaMMM, MOCTaTOUHDI Avid MHAKTHBaLNU sgep. Ec xe OCTAHOBKa PasBu- 
THA MpOHCXOAHT paHbille, BCKOpe nocule OOMyYeHHA, TO 5TO O3HANAeT, ATO HE 
TObKO ALPO, HO HW WATOMNA3Ma MOBpexKeHbI HACTObKO, YTO STO 3AMETHO OT- 
pamkaetcsd Ha pasBuTuu (nogpobuee cm. (7)). Y2xe mp Zose 40 kr OCTaHOBKa pas- 
BUTHA, OCOGEHHO IIpH OOmyueHHH Ha Ooslee NO3AHUX CTAIMAX, TIPOHCXOMHT He- 
CKOJIbKO paHbille, 4em mpu fo3ax 20—20 kr, KoTopble NpakTHyeCKH Apy! OT APy- 
ra He oTuMuamnch. [ostomy 2aHHble, NoJy4eHHbIe C STO! MO30H, MPH MpoBekenuit 
KPHBOH He Y4HTbIBaJIHCh. 

Sapommim GecxBocTsIx amdu6uii — Rana temporaria, R. esculenta, R. 
ridibunda u Bufo viridis — o61yaaucb Ha pasIMUHbIX CTAHAX PaSBUTHA 
PeHTTeHOBCKHMH JIyyaMu Ha armapate PYII-1 (180 xs, 15 ma, 4000 r/muu, 6e3 
cbuibtpa). OOmyyaemaa cTaqua BEIpaKalach B YacaxX HOPMAJIbHOTO PaSBUTHs 
mpu 22° u B craquax mo Tadsuue HlamBes (4). Craqum ocTaHOBKH pa3sBUTHsA On- 
peleNANHCh BU3yaIbHO M0 TeM xe TaOMILaM, HO C HeMHOTO GoulbileH poo- 
HOCTbIO, OslarofapA BBeJeHHIO 3HAKOB ~~ HM —, KOTOPbIMH o6o03HaualHCcb He- 
CKOJIbKO GOoslee MO3HHe HM HECKOJIbKO Oovlee PaHHNe CTAaMH. 

PesysbTaTbI BCeX ONBITOB CBeeHbI Ha puc. 1, rye pasHbIMH SHAYKAMM TIpesy 
CTABJICHI OMBITHI C pasHbIMH BuLaMu H Losamu. Kak BHO U3 rpaduka, aHHble 
lo 3apofbmiam xa6ni B. viridis oOnapyxuBa/IM HECKOJIbKO HOC pacnoJIOxKeHHe 
ToueK, 4em 3apompuM posa Rana. Onn TakxKe He YYHTHIBAIHCh MPM MPOBEACHNH 
KPHBOH. 

B noctpoesuu rpaduka McnojHs0BasicA TOT 2Ke TIPHBIMM, YTO H paHbie 


(4-8), Hexoropaa cioxKHOCTb rpadukKa BbIsBaHa TeM, ITO Ha HeM OJHOBpeMeHHO 


OTpaxkeHa 3aBHCHMOCTb CTAMH OCTAHOBKM Pa3SBUTHA OT oOmyuaemonH cTaqun 
MW MOKa3aHa MpOOMKUTEMbHOCTh PasBUTHA OOMYYCHHBIX 3aPOAPILICH. A6cincca 
M OpAuHata Ja npamoi J — oOmyyaemaa cTanns, aOcilucca SKCIepHMeHTaJIb- 
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HOH KpHBOH 2 — cTaMA OCTaHOBKH Pa3sBUTHA, OPAMHATa STOH KPUBOM — OGmy- 
yaemaa cTaqus. [Ipamaa J oObeqMHAeT MOMeHTHI OOly4eHHA (TOUKH He u300pa- 
*KeHBI); KPUBat 2 OObeLMHAeT CTAMH OCTAHOBKH pa3BUTHA pH OOmyyeHHU Ha 
pasHbIx cTawuax. PaccTosHue No ropus0HTamM Mex,y mpsamou J u KpuBoli 2 
COOTBETCTBYeT Pa3BHTHIO OOJY4eHHOTO 3aposblllla OT MOMeHTa OOy4eHHA O° 
MOMeHTa OCTAHOBKH pa3BUTHA. 

PanHee pasBuTMe OecxBOCcTbIX amMHOuli MOET ObITb, CormacHo 3TOMY rpa- 
uky, pasqesleHo Ha ABa Nepvoya (OHM OOO3HayeHEI y oc OpszMHaT). B J nepvope 
CTaMA OCTAHOBKM Pa3BHTHA He 3aBMCHT OT MOMeHTAa OGJy4eHHA B Mmpesenax 
mepHoya. MHakTHBUpOBaHb! JIM Apa B CaMOM Hauasle pa3sBHTHA HIM B Haase 
NosiHel OlacTy bl — sdpdekT OKa3blBaeTCA OLHH M TOT xe: OCTAHOBKa pa3BH-- 
(HA MPOWCXOLHT Tepe HauasIoM racTpyJIAWHM, Ha no3qHe GacTysme. Sto no- 
KasbIBaeT, YTO Apa 3apofblllla He HeCyT B STOT NepHon mopdoreneTuuecKUx 
(byHKUMH, T. €. OHH He NPOH3BOAAT Ha WHTOMMAsMy TakHXx BosielicTBUit, KOTO- 
pple Obl CHOCOOCTBOBAIN PasBUTHIO 3aposbUa (B TaHHOM culyuae racTpyasauHn). 

Bo // nepvoge Mexkyy cTajHei, KoTOpas Oblia OOyueHa, uM cTamueli octa- 
HOBKU Pa3BUTHA CylecTByeT CTporad 3aBHCMMOCTb: YeM 103%Ke ObIO OGsVUe- 
Hue, TEM NO3%Ke HaCTylraeT OCTAHOBKa pasBUuTuA. OOmyyeHue, Ha | ac Gouee 
MO3{Hee, IPHBOAMT B STOM Nepwose K OCTaHOBKe pa3BUTHA Ha cTayun, Ha 2,2 ua- 
ca Oouee MO3qHeH. CrleqoBaTesIbHO, B TOM MepHoOse AL pa BEINOMHAIOT AKTHBHY1O 
MopioreHeTHuecKy10 (yHKIMIO — KaxKblli JONOMHNTeNbHBII YaC HX CyLLeCTBO: 
BaHHsl B AKTHBHOM (He OGy4eHHOM) CocTOsHHH ObecneuUBaeT JabHefulee pas 
BHTHe 3apojpllila. 

[panna mexny / u JJ repvojamu Moxer OpITb ompesesena C TOL TOUHOCTEIO, 
C KOTOPOH MOxKeT ObITb onpefeseH neperu6 KpuBol 2. BeptukastpHaa uactb 
KPMBOH HaHeceHa C HeKOTOPOl Jone ycOBHOCTH, MOCKOBKy Ha To3qHeli 
OlacTyJe €MHCTBeEHHBIM HaexKHBIM KPUTepHeM PasBUTHA ABIAeTCA TOABeHHE 
OnacTonopa, T. e. cragua 10 no Ilampero (15 ac. HOPMAJIbHOrO Pa3BHTHA). 
Ilockoulky y o6u1y4yeHHEIx B J mepnogze sapomnmuert OjlacTonop He NOABIAeTCH, 
HO €PO NOABJICHHE ABJIACTCH N€PBbIM IpusHaKkom JJ nepvosa, Obi0 NpHHATO, 4TO 
OCTaHOBKa PasBUTHA MPOMCXomHT Ha | yac panbile Hayana ractpynauun. B man- 
HOM CJlyuae OWIMOKa MOXKET ObITh TOJbKO B CTOPOHY 3aHWKEHUA JelicTBHTe/b- 
HOM CTaHH OCTaHOBKH pasBUTHa. OueBuyHO, OHa MeHBIe 1 yaca. M3 rpa- 
(PuKa MOXKHO yOeXUTECA B TOM, 4TO 9Ta OMTHOKa B 1 uac Fact OMIMOOUHOe (6omee 
paHHee) ompegesienue rpanuupt J nepnona Ha 25 mun. Haxnonuasa uacth Kpu- 
BOH, KaK 9TO BHJHO 43 rpacbuKa, MOxeT ObITh MpOBeseHa HECKOAbKO BBIE HH 
HECKOJIBKO HWKe, HO BPA JM Oomee vem Ha 30 muH. Takum o6pa3om, JlelicTBu- 
TEJIBHOE MOOARKeHME TpaHUWbl MOXET Je*KATb He Gosee yem Ha 0,5 vaca HMKe 
He Ooviee uem Ha | vac BEIe, vem TO, KaK OHa IIpoBeyleHa Ha rpaduke, T. e. Mex- 
ay 11 uw 12,5 ac. pasBurusa, uTo xopouto COOTBeTCTByeT cTaquu 9 no IJamsero. 

Takum o6pasom, y GecxBocTHix ambu6nii B mpollecce OBoreHesa co3smaeTcs 
OpraHusaluA, KOTOPad Mocde ONMOAOTBOPeHUA (HIM AKTMBaIlHu) MOET pa3- 
BUBAaTbCH Oe3 yuacTHA apa (KaK HCTOUHMKa reHeTHUeCKOL HHopMallun) Jo Ha- 
yana ractpysauuu (15 yac. mpu 22°). Jlanpueiimee pasBuTHe — racTpysalus 
M MOcTracTpyAAWHOHHEI OpraHoreHes — ocymlecTBAeTCA TOL MopqoreHeTu- 
YeCKHM BosqevcTBueM azep. Mx tbyHkuna HayMHaeTCA MpHOuMZHTeMbHO 3a 3 ua- 
Ca NO Havasia racTpyJIAl4H, HO B TeyeHve STOO CpoKa He NpoABsAeTCA Mop@o- 
jlorMuecku. Y amuOuli Mopdorenetuyeckas aKTUBHOCTH ajep He oOpa3yer me- 
pepbiBa, KOTOPbIH OOHapyxuBaeTca y pHI6 (1) w urmoKomKUX C)i 

Ec Mexkyly Hayao sqepHok byHKin u ee MOpcouIorHuecKHM TIpOABie- 
HH€M IIPpOXOAMT He MeHee 3 Yac., TO Takoli MopdboreHeTHueCKUIi mpotecc, Kak 
YBETHYeHHe MHTCHCHBHOCTH [bIXAaHHA B PasBUTHM, CBA3AH C Apom Goee HemO- 
CpeycTBeHHo (™). Oro nosBoAeT paccMaTpUBAaTH JaHHBIe 110 J{bIXAHHIO JIeTAJIb- 
HbIX THOPHOB Kak Oovlee TOUHBIe yKasaHuA Ha Hayao dbyHkuun aqep. Cormacuo 
oTHM JAHHBIM, PaCxowleHHe MEKLY KPMBLIMM AbIXaHHA THOPHAHEIX VI HOPMaJIb- 
HPIX SapofbillieH y OeCXBOCTHIX amduOuli npuxoxutca wa cranmo 9 GP).o any 
XBOCTATBIX Jake Ha cTaquio 8 (1). IIpu ne ovenb Gompuol TOUHOCTH STHX Tau- 
HBIX, BC€NCTBHe pasOpoca SKCMePHMeHTAIbHBIX TOUeK, UX BCe 2Ke MOKHO CUU- 
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TaTb XOPOMIMM MOATBepKeHHeM LaHHbIxX HacTosmelt padoTsl. B cooTBeTcTBUH C 
STHMH paGoTaMH MOXHO OXKULaTb, YTO y XBOCTATHIX aMuOuH MopdoreHeTHYeCKaA 
(byHKUMA Aep HaYMHaeTCA HECKOJIbKO PaHbllle, YeM Y 6ecXBOCTHIX. OKCHepH- 
MeHTaJIbHad MpOBepKa STOO MeTOIOM paqualMoHHOK HHAKTHBAILMM MmpecTaB- 
gineTCA JOCTATOUHO MHTepecHoH. 

TlockonpKy Ha GecxBOCTHIX aMHONAX OCYU[eCTBJIEHbI YCHelIHble TepecayKU 
ajlep IMOPHOHALHBIX K/IeTOK B OesbaepHoe AMMO, HHTEPeCHO COMOCTABUTH STH 
jlaHHble C pesyIbTaTaMu HacTosmel padoTs!. Bpurre u Kur moKasain (25 
uTO Apa 3aposbila B Hayase TaCTpyMAWMM COXPaHAIOT cmoco6HocTb (pH Mo- 
MeIeHHUH HX B COOTBETCTBYIONIMe YCOBUA) YYaCTBOBATb B OOpasoBaHUu WeMoro 
opranuama. Ilosxe, Ha Helipysie, OHM TepsAIOT STH CBOHCTBa HM JaioT Hauala TOJIb- 
KO OfpaHMYeHHOMYy KPYTy CTPyKTyp, O/IM3KHX TeM, H3 KOTOPBIX STH ANpa ObIJIH 
W3BJ1eueHBI. 

Bmecte c TeM KaKeTCA UpesBbIUaiHO BePOATHBIM, YTO Apa, HaxoMAMeca 
B KNeTKAaX Pa3HBbIX 3aPOMbIeBbIX JIMCTKOB, PYHKIMMOHMPYIOT Pas/MYHBIM oOpa- 
30M. OG 2TOM MOXKHO CYMUTb MO HCCeAOBAHHAM, NMOKASbIBAIOUIMM TeCHYIO 3aBH- 
CHUMOCTb XapakTepa AJepHOM AKTHBHOCTH OT CocTaBa oKpyxatouleH MAToMIa3- 
mbt (27), CnemoBaTeJIbHO, Hajlo JOIyCTHTb, YTO BO BpeMa racTpyAALHM (byHKIMMOHH- 
pyloT apa, AuddpepeniMpoBaHHbie o6patumo. Heo6parumaa AudepenitupoBKa 
HacTyMaeT COOTBETCTBEHHO 11032%Ke. OG STOM xe TOBOPAT OTBITHI TO o6pa30BaHHto 
ajlanTUBHBIX (PepMeEHTOB B IMOPHOHAIbHBIX KETKAX ampu6uti (1°). To ractpy- 
JIAWMM KJIETKM BCEX 3aPOJ[LINeBbIX JIMCTKOB CMOCOOHEI K HHAyHMpOBaHHOMY CHH- 
qe3y TPHNTOPaHMepoKcHAasbl, Mocwe TacTpy AAA — TOKO KileTKH Oyyy- 
mero KuINeuHHKa. MoxkHo, Takum OOpa30M, NpeAMonarath, UO judcbepe HI poB- 
Ka alep HW BOSHUKHOBeHMe HeoOpaTHmocTH 3TOH LuddbepeHUMPOBKH ABJIAIOTCA 
pasawuntimu mpoueccamy. Tlepspit u3 Hux CBASaH ¢ 9YXpOMaTHHOBOM YaCTbIO 
XPOMOCOM, BTOpoli, Kak celuac 9TO mpemmomaraetes (*°), ¢ rerepoxpoMaTHHOM. 
Coctosuue steady state, KoTOpbiIM TakxKe OObACHAIOT CTAaOMbHOCTH udpPpe- 
PeHIMpOBaHHBIX KuIeTOK (*°), HO2KHO 6bITh B TAKOM CsTy4ae OrpaHHueHO TpaHu- 
WlaMH Ajlpa, MOCKONIbKy MepecaxKeHHble Apa CHOCOOHEI MOLepxKUBaTb COCTOA- 
Hue uddbepeHMUpOBKH B psy MOKOeHUH. 


VucrutyT MopoJiorH 2KMBOTHBIX HM. A. H. Cepeprosa Iocrynusio 
Axanemun nayk CCCP 18 VIII 1960 
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IMBPHOJOFH A 
E. ®. MOJIMKAPNOBA u M. B. HEB3rOUHA 


OCOBEHHOCTH PA3SBUTHA SAHYHHKOB HOBOPO)KJIEHHbIX SPOK 
POMAHOBCKOM MOPOJbI 


(Tpedcmaeaeno axademuxom K. H. Cxpa6uneim 21 VI 1960) 


PomaHoBcKad nlopoqa — caMas MIOJOBUTaA W3 BCeX OBell, PaSBOMMMBIX B 
CCCP (*~°). Vimerotca ocHOBaHHA CUHTAT ee PasHOBMAHOCTHIO CeBepHOH KOpoT- 
KOXBOCTOM OBIIbI, OOpasoBaBUeHCA TOM BNAHHeM KJMMATHUeCKUX M KOPMOBbIX 
yCOBHH, CHCTeMaTHYeCKOro OTOopa H No_Gopa (°,”). Ilo matepuanam JI. ©, Cmuup- 
Hoga (*) u C. T. Jlappigoza (8), y poMaHoBCKHXx OBell OniBaeT wut 18-—19% 
OJMHIWLOB, OCTAJIbHbIeC XKe MOMeTbl — MHOFOMJOHBIe. 

Wimea cnocoOHocTb BbIHalIMBaTb OOJIbIHe MOMeTHI, POM@HOBCKHe OBIIbI HE 
OTMMYalOTCA HH KPYNHBIM pa3MepoM, HM OowbuIMM Becom. B3pocible MaTKH B 
cpeHeM BecCsAT OKOJIO 45 Kr. Bec ATHAT IPM pox TeHHH uMeeT OoubUINe KONeba- 
Hua. Ilo HallMM JaHHEIM, y OMMHIOB OH paBeH B cpeqHem 3,5 KT, Y JBOHHEBbIX 
2,8 kr, y TpolineBbrx 2,5, y uerBep- 
HeBbIX 2,2 Kr, y MATepHeBbIx 2,0 xr. 
TowMMHa KOpPKOBOM 30HbI AMMHWKOB HOBO- Kak CJleqyeT H3 IIpHBeeHHbIX wupp, 
POX WeEHHBIX ATHAT POMaHOBCKOH MO poJbl Bec ATHAT MHOPOMJOJHBIX TOM€TOB 

kp RDO) MPH POXKJCHHM 3HAUHTebHO HWKe, 


WAG wesoieay 4) 


Tonmuna son 4YeM Y OJHHILOBbIX. B CBA3H C 3STHM 
Hosopoxyenupie | Cucao NpeAcTaBIAeT OCOG6hI MHTepec CpaB- 
ArHATA ATHAT | cpenn, eee HHTeJIbHOe H3yueHHe CTeneHH pa3Bu- 


THA OTeCJIbBHbIX OpraHHbIX CHCTeM y 
OXHOBO3PaCTHbIX ATHAT OJHHUOB HU 


OguuHtosrie 5 153 | 122,0—170,0 MHOFOMJIOQHbIX TOMeTOB. 
T[potinespie 6 168 117,6—201 ,6 Hactoatee MCCJIENOBaHHe MOCBSA- 
Tpolinessie 8 | 232 | 192,4247,0 troenes ocoOcHHOeTAN pa3sBUTHA snU- 


HHKOB Y HOBOPOXJCHHBIX ATHAT po- 
MaHOBCKOH noporbl. MUccneqoBannto NOABEpraHCb TOJIOBbIe 2Kee3bI Apouek, 
M3 KOTOPbIX NAT POAWINCh OLMHIAaMH, mecTE ABOHHAMH, BOC€EMb TpolHamn, 
ABE YETBEPHAMM H ONHA — B yNCe NATH. Bcero u3yyeHo 44 suuHuka. B cBa- 
3H C TCM, YTO YETBEPHEBbIX HM MATEPHEBLIX ATHAT OBIIO OUeHDb Malo, UX JaHHble 
YUTHIBAJIMCb JIMIIb 4YaCTHUHO. 

Cnoco6 dbuKcauun oObexTor, MIPHTOTOBJIeHHe THCTOJOFHYeCKHX Cpe3OB, HX 
OKPaCKa, METOAHKa HCCIEOBAHUA OTIEbHEIX TKaHelt AMYHUKOB, ompeyesienne 
KOJIMYeCTBa H XapakTepa Pa3BHTHA NOJIOBLIX KeTOK HaMH y2xKe ONMCbIBaJIHCh 
B MpeAbiymHx padotax (°-1), Sry MeTOJMKY MBI IIPHMeHAJIM WB aHHOM uccue- 
JOBaHHH. 

OxHMM M3 NOKasaTeneli cTreneHu PaSBHTMA AMYHUKOB MOXKET CAYKUTb TOT 
I\MHa KOPKOBOH 30HbI. IIpH usyyeHHM MOMOBLIX xKeNe3 MJIOQOB M ATHAT Apyrux 
MOPOd ObluIO ycTaHOBeHO, 4TO C BOSPaCTOM 9Ta 30Ha CTaHOBUTCA ToHbINe (2,1°). 
IIpu oTcTaBaHNM B PasBUTHH SMYHHKOB KOPKOBas 30Ha UX ocTaeTca Ooylee To.1- 
cToH. 

Hisyuenve KopKoBoi 30HbI AMUHHKOB HOBOPOXCHHbIX ATHAT MOKa3a0, YTO 
Y OAMHHOB OHa Obla TOHBUe, YeM y ATHAT MHOTPOMJOZHBIX MOMeTOB. Cpequas 
TOJNIMHA 3OHbI Y OAMHNOB paBHa 153 p, y ABOHHEBLIX ATHAT OHA Tome Ha 15, 
a Y TpolveBplx Ha 79 pw (Ta6a. 1), CreqoBatebHO, pa3sBuTue STO: 30HbI TIpote- 
KaeT y MOCIeqHAX MeeHHee, 


4252 


a ah 


es 


ee ee ee Sees 


— 


Kpome Toro, NokasaTeviem CTeMeHM PasBUTHA AMYHUKOB CJlyHKUT KOJMYCCTBO 
OBOILMTOB, Pa3Mepbl H CTeMeHb UX PasBUTHA. OBOMMTH Ha NPOTAKeHUM BCero 
OHTOreHe3a XKUBOTHOFO HaXOJATCA B KOPKOBOH 3OHE AMYHHKA HW OKPYKeHBI 
TWIOCKHM (OJMKYIAPHBIM smuTeIMeM. B douWIMKyJ OHM Pa3sBHBAaIoTCA JIMINb 
B TOM CJlydae, KOra OKaSbIBaIOTCA B COCyAMCTOM 30He AMWHUKa. B sToM calydae 
UX MOMIMKYAAPHBIA SIMTeMMH CTAHOBUTCH KYOWYeCKHM HW 3aTeM MHOFOpAHBIM. 
Y opell OBOIMMTHI NOABIAIOTCA B Mepvo yTpoOuoro pasBuTuA. Buauame OHM pac- 
omararoTca rpylnamMu B Bue NdOrepOBCKUX MaCC, OKPY2KeCHHBIX oOmHM dou- 
JMKyAApHEIM snuTeruem. IIpu mocuexyiolleM pasBUTHM AMYHUKOB OBOLMTE B 
KOPKOBOMi 30He pacnomaraworcs pasfeJIbHO, H KaxK/IbIt U3 HUX OKPyKeH coOcTBeH- 
HbIM TWIOcKUM suTemuem (puc. 1). B a“4HHKaX OJMHUOBEIX HW BOMHEBbIX HOBO- 
POXMCHHEIX ATHAT POMAHOBCKON Noposb! msiorepoBCKue MaccbI BCTpedaroTcs 
pexke, UeM B AHYHHKAX TPOHHEBHIX ATHAT, Te UX ONCHb MHOTO. 

Haxojauieca B KOPKOBOM 30He AMYHUKOB HOBOPOXCHHBIX ATHAT OBOMLATHI 
flO pasMepaM HM COCTOAHHIO Ajlep pas/IM4HEL. Ha rucTosorMueckux pemapatax, 
(UKCHPOBAHHBIX HeHTPabHbIM POPMAaIMHOM M OKPallleHHbIXx reMaTOKCHJIMHOM 
Kappatan c JoKpacKoli 903HHOM, Apa BHIrALAT 10-pasHoMy. B oOMHUX KJeT- 
KaX OHM MHTCHCHBHO OKpallleHbl, C YeTKO OYePYeHHBIMH TpaHHlaMM UH Goulee 
MeJIKUX pasMepoB. Apa Apyrux OBOUMTOB HaXOAATCA B PasHbix tbasax MHTOTH- 
yecKoro JeweHud. TpeTba rpyima OBOMMTOB HMe¢eT PaCciIbiJieHHBIe, muddy3Hple 
aipa. Ha rucromormueckux cpe3ax Takwe OBOMMTH! KawKyTCA 6e3baep HbIMH 
(puc. 1). 

Uvcno OBOWMTOB B KOPKOBOM 30He AHYHHKOB HOBOPOKJCHHBIX ATHAT POMA: 
HOBCKOM MOposb NosCuHTEIBaoch no 100 nomaM 3peHHaA MUKpocKola C ok. 15 
u 06. 40; BLIUMCAOCh CpesHee YHCIO [1A OMHOTO NOMA, YTO HW CAYARUO XAapare 
TEPHCTHKOM KOJIMYECTBA OBOIMTOB MIA ATHEHKA. B pe3yibTaTe TaKMX MofcueTOB 
yCTaHOBJIeHO, YTO B AWYHUKAX OLMHMOBLIX ATHAT CpeCAHee KOJIMYECTBO OBOILHTOB 
Gombe, EM Y ABOMHEBLIX H TPOHHEBbIX (ra6.1. 2): y OMHIOB B Mpefemax 10— 
21, y aBolineBpix 4—16 u y TpouHeBEIXx 8—17. 


PaO seu ia eZ 


KonmyecTBo OBOLMTOB y HOBOPOXKACHHBIX ATHAT pOMaHOBCKON . 
NOposb (B Nome speHuA MMK pocKona) 


% OBOWUTOB C TEMHEI- 


Uucno OBOMHTOB 
MH ApamMu 


Hosopomwfenupie | Uncs0 
Hora ieg Hears: aMIJIHT. aMIJIHT. 
cpeqH. Koue6. cpeaH. Koue6. 
OyMunoBple 5) AS 10,4—21 ,1 42 40,7—11,8 
JipolineBple 6 10 4,2—16,0 12 8,1—19,2 
Tpoluespie 8 14 7,8—16,9 6 4,0—11,1 


OgHOBpeMeHHO C STHM NpPOBOAMICHA oficueT HW yCTaHaBJIMBaJICA OTHOCHTEIILD- 
HbIii IPOWeHT OBOLLHTOB C TeMHIMM Aj[paMH. Taxoro pofla KleTKM MbI OTHOCHJIM 
K MOJIONbIM (bOpMaM OBOLLMTOB. KomuecTBo UX MOKET XapaKTepH3OBaTb CTE 
eHb CHOCOOHOCTH AMYHUKOB K OOPasOBaHUl0 MOJIOBbIX KleToK. IIpu 9Tom Opis10 
BEIACHeHO, UTO Y OAMHILOBbIX U TIBOMHEBHIX HOBOPOKRCHHBIX ATHAT POMAHOBCKOM 
TOPOMbI KOJIMYECTBO TEMHOALEPHBIX OBOIWLMTOB OMHAKOBO, a y TPOHHEBHIX ATHAT 
OHO MOUTH B Ba pasa MeHbILIe (ra61. 2). CurezyeT, O2HAaKo, now4uepKHYTb, YTO 
TIPOMeHTHOe COOTHOMIeHHe OBOMHTOB He JlaeT elle mpeyicTaBsleHuAd O CTeTeHH 3pe- 
jOCTH AHUYHUKOB. Tak, oOmlee KOJIMYeCTBO OBOMHTOB y ABOMHEBbIX ATHAT MIpH 
poxfeHHu MeHbIle, YeM Y OMMHIUOBLIX, XOTA MPOWeHT MOJIObIX OBOILHTOB y TeX 
M Upyrux cxojeH. Srot :bakT MO2KHO OObACHUTD passM4HeM TeMIla CMEHBI TeHe- 
palluit MOJOBbIX KJIeTOK B AMUHUKAaX B Mpolecce SMOpHOHAabHOTO PasBUTHA. 

MakT rude HW MOMOMHEHUA NOJOBBIX KieTOK B Mmpolecce OHTOreHe3a y pa3- 
AWUHEIX MJIeKONUTAIOWIHX yCTaHOBNeH PAZOM aBTOPOB (12-15). Hexoropnle 43 
HHX YTBepxfaloT, YTO TakHe TIpOleccbl COBEpLMaroTcA B AMYHUKAX IKABOTHBIX 
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UHKIHYeCKH, WH YCTaHaBJIMBaloT JWIMHY TaKHX WHKJo0B. IIpu uccneqopannn 
PpaSBUTHA AMYHHKOB y MJIOQOB COBeETCKOrO MepHHOCa Mbl HaGwIOMaIM HanMune 
TaKOH IMKJMYHOCTH, HO ONpeleuTb LMHY Ham He yyanoc (322 °Y appar 
B MHOFOINIOMHBIX MOMeTAX, M0-BHIHMOMY, TaKHX IHKJIOB B 3MOpHoreHese suU- 
HHKa, B CBASH C HEKOTOPbIM OTCTABaHHeM Pa3BUTHA STOO OpraHa, MeHbIIe. 

B KOpKOBOH 30He AMYHHKOB HOBOPOXKJCHHBIX ATHAT POMAaHOBCKON Nopospt 
OBOUMTbI H HX Apa pas/M4HbI MO pasmepam. Onpeyenenne ux CpeqHUX pa3me- 
poB ANA KaxkLoH OCOOM MpOMSBOLMIOCb HAMM Ha OCHOBaHMM cra u3MepeHnit. 
CpeqHaAd BeMUMHAa 3aBHCeNa OT NpeoOsaqaHuA B AWYHUKeE MOJIOAbIX HJIM 3pe- 
JIbIX OBOILHTOB. IIpu 6ouIbUIOM MpOMeHTe MOJIOALIX OBOILHTOB cpeqHne uncsa Obl 
MeHbIe. EcJIM B KOPKOBO 30He AMUHHKOB mpeoOsayaH 3pesble OBOMHTEI, TO 
CpeqHve BeJIMYHHEI OblIM OoubIIe. 

IlpopeyeHHble H3MepeHHA MOJOBBIX KseTOK H UX sAep B KOPKOBOH 30He AnU- 
HUKOB HOBOPOAXNCHHBIX ATHAT POMAHOBCKO! MOPOAbI YKa3bIBAalOT, YTO OHH Kpyt- 
Hee y JBOMHEBBIX H TPOlHeEBLIX ATHAT. STOT (bakT OObACHAeTCA HaIM4HeM B ANU: 
HHKAX O2MHUOB OOJbLETO KOJIMYECTBA MOJIOZEIX MOJOBHIX KeTOK HU Oombureii 
AMHAMHMYHOCTbHIO HX NOJOBbIX 2Kese3. B aMYHUKaX JIBOMHEBLIX TPOHHEBEIX sr- 
HAT OBOIMTOB MeHbIIe, a .pasMepbl HX KpynHee (Ta6.1. 3). 
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Ta6aunna 3 


PasMepbl OBOMMTOB M UX sep y HOBOpOxAeHHEIX sTHAT poma- 
HOBCKOH NOpofbl (8B MHKpouax) 


Pa3mep OBOuUTOB Pasmep sep 
Hosopoxwyeunpie | Uncno 
aie: ehh aMIwur. aMIIIHT. 
Pe kone6 <PeAe Kome6. 
Oyunospie a 24 20,2—22,8] 40 8,3—11,9 
Jizotiuespie 6 24 | 20,8—25,4]| 10 9,1—10,6 
Tpolinespie 8 24 | 21,8 —27 3.4) At 8,8—12,7 


Han6Oouee spKum nokasatesem creneHn PaSBUTHA AMYHAKOB MOXKET CJY2KUTS 
(bakT NOABNeHHA B HUX rpaadoBEIx (PoIMKYIOB u OOpasoBaHue (oWIHKYyssAp- 
HOH son. Tlpeqpiyue namu HCCJICIOBAHMA, MOCBAULCHHI€ pa3BHTHIO M0VI0- 
BBIX AKENCS MAOLOB M ATHAT OBEL, PaSHBIX NOPOL, NOSBOMMIM COCTABUTh TOBOJIb- 
HO MOJIHOe IpelcTaBeHHe O Xofe STOO Mpolecca. YcraHoBieHo, uTo cborau- 
KyJIbl POPMHPYIOTCA H3 OBONYTOB pH OOs3aTebHOM yCJIOBHH pacnojoxeHna 
MX He B KOPKOBOH, a B COCYIMCTOM 30He sMUHUKa. IlepBpim npu3Hakom o6pa- 
SOBaHUA POWIMKYyJa CAYKUT yTosMeHHe (POIMKYIAPHOTO SMMTeIMA, KeTKH 
KOTOPOro IpHoOperator KyOuyeckyio tbopmy. Buictpo Pa3MHOKAaACh, OHH YBEJIH- 
THBAIOT PAI CPOMIMKYIAPHOTO smuTeIMA. TlosqHee MexKIy KJe€TKAMH T1OsB- 
JIAIOTCA MOJIOCTH, OT pasMepa KOTOPHIX 3aBUCHT BeMUHHA tboumukyaa. Tlepsrie 
POMIMKYJIbI B AMYHHKAX TIOLOBM ATHAT rHOHYT, He JocTurad GombutMx pa3me- 
poB. 3aTeM NOABUJIAIOTCA eLMHMUHBIE PoWWIMKY Ib C NOMOCTHIO, YHCIO Hx yBeJIn- 
YHBdeCTCH, HW MO3qHee, KOTa UX CTAHOBUTCA MHOTO, OHH OOpasy1or domnkyusap- 
HYylO SOHY, KOTOpasd pacnowaraerca B AMUHUKe Ha nepudepuu cocysuctToi 30ubI. 

Onpexesnsas CTeneHb PasBUTHA AMYHAKOB HOBOPOMKeCHHBIX ATHAT POMAaHOB- 
CKOH NOpoybi no dopmMupoBaHuto PoJIMKYJIOB, MI ycuIOBHO pasqemusM 3STOT 


HaSBaHHbIX (OPM, HEMHOTOUMCJICHHEIX TOJOCTHEIX (boWIMKyIOB, pacnonoxKen- 
HBIX Ha Pa3HbIX yyYacTKax cocyyucTo 30H, [V (cbasa XapakTepusyerca Hasu- 


SHeM TpaaoBblx My3bipbKoB, cbopmupyromnx OWIMKYIApHY!O 30Hy snu~ 
HUKOB (puc. 4). 


Puc. 1. KopkoBpad 30Ha AHYHHKa BoliHeBoroO Puce. 2. TuctomornueckHi cpe3  AHY- 
srHeHka. 280 <. J — OBOUHT C TeMHbIM APoM, HHKa Tpolineporo srHeHka. 56X. 
2 — opouuTbl C AApaMH pa3sMHUHbIX (a3 MHTOTH- / — nepBHuHble MoWINKYyJIbI 
yecKoro JeleHHsA, 3 — OBOMNT C Auppy3HbIM AZpoM : 


ae 


a Oia 


Puce. 4. TucromornuyuecKHi cpe3 AHU- 

HHKa OfHHMOBOrO ArHeHKa. 56x. 

J—nepBiuuble PouWAKybl, 2—pa3BH- 

paloulecs (ouWHKYIbI, 3 — toun- 
KYv1bI C MOJICCTLIO 


Puc. 3. TucrosiornuecKHH cpe3 AHYHHKa 
mpolineporo srnenka. 56%. 1 — nepBHYHBIIt 
tboumHKy1, 2 — pasBHBAloOUHeca (POJWIHK bl 


ILAH, 7. 136, Ne 5. Tonukapnona w Hessrojnua 


PacnpefemuB BCeX ATHAT COOTBeETCTBeHHO 3THM (basaMm pasBHTHA (coun- 


KYyJIOB B AMYHUKAX, Mbl YCTAHOBHJIN, UTO y YeTHIPex M3 MATH OMMHWOBLIX ATHAT 


AMUHUKU Haxogatca B IV daze M TOKO Y OMHOTO ATHEHKA AMYHAKM OTCTAIH 
B paspuTun (Tan. 4). Y Tpex M3 WecTu JIBOHHEBLIX ATHAT AHYHHKH MOKHO OT- 
nectu K IV dbase, y AByx kK III cpa- 
3e u y ofHoro Ko II dase. Y BOocb- 
MH TPOHHEBbIX APHAT He 6bio HH ObpasoBanue ommuKy0B y HOBOPOKACHHEIX 
OMHOrO AMYHUKA, KOTOPbIii MOXKHO ATHAT POMAHOBCKOH NOposbl 

6rino Opt oTHecTu xk IV uuu III 

(base pasBUTHA, Tak KaK MOJIOCT- Hosopoxmenusie | Uucso 
HbIe (oJWIMKyJIbl B HHX COBCeM arEauia eect 
OTCyTCTBOBAIH. Y MATH M3 HUX 
AMYHUKH cooTBeTcTBoBasN II uy 


Ta6Oauna 4 


@Ma3bl pasBHuTHA 


‘ tpex I dbase pasBUTHA. Ilo crene- OMHMOBEIE 5) 0 i 0 4 
» > j 3) 
uu copmupoBanua dbomuKyJIOB ul Aciscne ee a - 
& c 0 9) 
_ OTCYTCTBHIO (POUKYAAPHOM SOHBI UersepHesie 9 1 a 6 0 
AMYHUKUM OMHOTO U3 YeTBeEPHEBbIX IlarepHeBbIe 4 if 0 ) 0 


“Ww ofnoro MATepHeBoro ATHeHKAa 
MOMKHO oTHecTH K I (ba3e pa3BHTHA MH BTOporo YeTBepHeEBOrO — KO II case 
 (ra6a. 4). ; 

TipemcrapneHHbiii MaTepHadl yOeQMTebHO MOKasblBaeT, YTO AMYHAKH HOBO- 
POXRKMCHHEIX ATHAT MHOTOMJIOLHEIX NOMeTOB POMAHOBCKHX OBEIL OTCTAIOT B Pa3- 
BUTHU OT AMYHHKOB OAMHWOBEIX ATHAT. IIpu 9TOM 4YeM MHOTOIVJOAHee MOMETEHI, 
_TeM CHJibHee BbIPaxKeHO OTCTABAaHHe. 


VUuctutyT MopdovlorHv 2KUBOTHBIX HM. A. H. Cepepmosa Tloctynusio 
Axagemuu HayK CCCP 19 VI 1960 
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